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CHAPTER I. 
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GREAT BRITAIN. 

RIVER BASINS. 


NATURAL DIVISIONS, GROUPS AND BASINS. 
{Partly according to JOSEPH Lucas ) . 


Divisions. 

8. 


Area in 

Population 

Principal 

In England and 
Wales. 

8 

O 

ra 

Miles. 

in 1871. 

Rock Formation. 






[Carboniferous, New Red 

I. North-Eastern 

8 

23 

S 695 

3 547 838 

| sandstone. Oolite, 

( and Chalk. 






( Silurian, Carboniferous 

II. North- Western 

I 7 

1 4o 

I v 866 

4 089 621 

■1 and New Red sand- 
{ stone. 






[New Red sandstone. 

III. East- Midland | 

5 

13 

10 87 6 

3 452 737 

j Oolite, Lower Green 
\ sand, and Chalk. 







IV. West-Midland 






1 4 

1 

1 34 

10 075 

2 2 34 35° , 

j and New Red sand- 
l stone. 







[Lower Wealden sand, 

V. South-Eastern 

j 5 

3 1 

11 226 

6 8r 8 924 

■j Lower Green sand, 

) Chalk, and Tertiary 






[Devonian, Carboniferous, 

VI. South-Western 

I 11 

1 59 

9 181 

1 2 568 796, 

l New Red sandstone, 
l Oolite, and Chalk. 

Total . . i 

1 40 

200 

57 9 T 9 

[22 712 266 1 

Total in 1 88 1 




25 968 286 


In North Britain. 




Population 






[Silurian, Devonian, Clay 

VII. Eastern 

VIII. Western ... 

8 

28 

14 996 


■j slate, Carboniferous, 
l Limestone. 

[Silurian, Laurentian, 

1 Mica schist, Permian, 

8 


ti 323 






1 Carboniferous, Trap, 

IX. Islands 

4 

20 

3 7S7 


(. Gneiss, Serpentine. 
Various. 

Total 

20 

90 

30 106 

3 735 573 








X. Central ..... 





[Carboniferous J.mestoce 

II 

2 5 

20 S37 


j Lower Silurian and 

XI. Marginal .. 

4 

90 

8 302 


Varied. 

XII. Coast andj 

Islands ( 

5 

5 

3 377 


Very Taried. 

Total 

20 

j 120 . 

13: 516 

[ 5 '59 S39 



! So 

I ' 

| 

1 



Britain) 

i 4to 


35 4S0 073' 





GREA T BRITAIN. 


England and Wales. 


Groups. | ° 

'A 

I. North-Eastern. 

1 Coquet 9 


Area In 
Square 
Miles. 


Chief Rocks. 


Annual Rainfall 
la Feet. 


Range. 


!*00 tO 4’20 


2 Tyne i j * *3° 

3 Wear 


4 Tees ....... 

5 Esk 

6 York-Ouse 

7 York-Derwent ifc 

8 Hull 3ll 


( Coal measures. Mill- 
stone grit, Carbon- 
iferous limestone, anil 

Trap 

Coal measures, Mill- 
stone gut, Carbon- 
iferous limestone 2’0O to 4 20 

.Permian, Coal measures, 

456 1 Millstone grit, Car- 

boniferous limestone. 3 '°° to 4 - O 
Oolite, Lias, New Red 
sandstone. Coal 
785 -I measures. Millstone 
' grit. Carboniferous 

limestone 2*00 to 4*20 

247 Oolite and lias 2*00 to 4*20 

f Oolite, Lias, New Red, 

I Permian, Coal 
3*339 - measures. Millstone 
I grit. Carboniferous 

1 limestone 2*oo to 4*20 

Chalk, Oolite, Lias, New 

95 1 Red sandstone. 2 00 to 4*20 

Post-tertiary, Chalk, 

703 Oolite, Lias, and New 

Red sandstone 2 OO to 4*20 


Mean. 

3*43 1 
3‘43i 
3*43 * 


II. North-Western. 

9 Eden 5 

10 Lake-Derwent 7 

11 Lune 7 

12 Ribble 4 

13 Mersey ... . 4 

14 Conwy is 

15 Anglesey 1 

III. East-Midland. 

16 Trent 1 

17 Ancholrae 

18 Witbam .... . 1 

19 Nen 2 

20 Bedford-Ouse 


New Red sandstone, 

Permian, Millstone 
grit, Carboniferous 
limestone, Silurian.... 3*50 to 6*25 

{ Coal measures, Millstone 
grit. Carboniferous 
limestone, a little 

Permian 2*50 to 6*25 

I 213 The same as Group 10. 2*08 to 6*25 
fNew Red sandstone, 

815 4 Coal measures, Mill- 


535 


I 277 
268 


4052 

S 34 

1079 

1837 


3*43* 

3*431 


2*573 

**573 


3*43i 

3’43i 


Permian, Coal 
measures, Millstone 
gnt, Carboniferous 
limestone, Silurian... 2'oS to 6*25 
Cambrian and Silurian. 3*33 t0 6*25 
'Ditto with Carboniferous 

limestone 3-3 3 to 6'25 

Oolite, Lias, New Red, 

Permian, Coal 1 

measures,Grit, & Car- 
boniferous limestone. 2*08 to 4*17 I 
Oolite, Ancholme Chalk, 

Chalk, Post-teitiary. 2 *oS to 4*17 
Oolite, Chalk, and Fen 2 08 to 4*17 i 

Oolite and Fen 2*oS to 4*17 

. f Chalk, Gault, Lower 

1 3 074 1 Green sand, Oolite, 

[ Lias, and Fen. 2*08 to 4**7 


3*228 


2*573 

2*426 

2*426 

2*42G 



RIVER Ii ASINS. 


iL i 

Groups. i ° 8 

55 « 

IV. West-Midland. 

21 Dovy 12 

22 Towy 14 

23 Wye.. 7 

24 Severn 1 

V. South-Eastern. 

25 Arun 9 

20 Medway ... 3 

27 Thames ... 3 

28 Blackwater . 12 

20 Yarc 4 

VI. South-Western. 

30 Bristol- Avon 2 

31 Panet 5 

32 Taw 5 

33 Camel 6 

34 Fowcy 9 

35 Tamar 9 

30 Ex 4 

37 Axe 7 

38 Silubcry-Aron 

30 Test 6 

40 Isle of Wight 1 


England and Wales. 

(Area In 

Square Chief Rocks. 
'Miles. 


Annual Rainfall 
in Feet. 

Range. | Mean. 


193d 

2 671 

4 3JO 


3'33 to 6-25 
3'33 to 6-25 
2 ‘08 to 6-25 
2*08 to 6 25 


Silurian 

Coal measures, Mill- 
stone grit, Carbon- 
iferous limestone, 

Old Red, Silurian. ... 

Oolite, New Red, Coal 
measures. Millstone, 

Carboniferous lime- 
stone, Old Red, 

Silurian 

Oolite, Lias, New Red, 

Termian, Coal, Grit, 

Carboniferous lime- 
stone, Old Red, Silurian 

( Tertiary, Chalk, Upper 
Green sand, Gault, 

Lower Green sand, 

Weald clay, and Lower 

Wealden sand 2’o8 to 3*33 

Tertiary, Chalk, and 

Wealden I ‘83 to 2 60 

(Tertiary, Chalk, Upper 
I Green sand, Gault, 

5 244 1 Lower Green, Oolite, 

l Lias I '83 to 2*60 

1 Fost-terliary, Tertisry, 

1 t Chalk * 83 to 2'6 o 

I 48 1 Tost -tertiary and Chalk, 1 83 to 2'6o 

( Oolite, Lias, Carbon- 
iferous limestone, 
and New Red sand- 
stone 2*08 to 3*33 

( Oolite, Lias, New Itcd 
sandstone, and De- 
vonian. 2'oS to 3’33 

"cw Red sandstone, 

Carboniferous lime- 
stone, Devonian, 

Dartmoor granite.... 3*33 to 0 ' 2 $ 

I Carboniferous, Devonian, 

"( and some Granite. ... 

Devonian and Granite. 

( Carboniferous, Devon- 
ian, and Dartmoor 
granite. .... 

S New Red, Devonian, 

Carboniferous, and 

Granite 

Chalk, Oolite, A Lias. 


549 

544 

858 

99S 
467 
M3S 
1 23 2 

*34 


. 3*33 to 4*17 
3*33 to 4**7 


. 3*33 to 6*=S 


3-846 


. 3*33 to 6-25 
=*5o to 3 33 


Tertiary, Chalk, and 

Oolite. - ... : 

Tertiary, Chalk, Upper 
Green sand, Gidt, 

[ Lower Green sand— 
Ditto and V> ealdesu .... 


2*5° to 3*35 
2*5® to 3*33 


*5*3 

*5*3 



GREAT BRITAIN. 


England and Wales. 


__ cl Area in 
5 '2 Square 
R Miles. 


Chief Rocks. 


Annual Rainfall 
In Feet. 


I. North-Eastern. 

1 Coquet 


2 Tjne 1 

3 Wear x 


1 084 
1 * 3 ° 
456 


4 Tees 

6 Esk 2 1 

6 York-Ouse ... 3 

7 York-Derwent i£ 

8 Hull 3 i 

II. North-Western. 

0 Eden 5 

10 I.ake-Denvent 7 

11 Lune.. 

12 Ribble 4 

13 Mersey 

14 Conwy 

15 Anglesey 

III. East-Midland. 

10 Trent 1 


8 78S 


95 i 

7°3 


1 213 

815 


2 535 


17 Ancholme 

18 Witbam 

10 Nen 


20 Bedford-Ouse 4 


Range. 

Coal measures. Mill- 
stone grit, Carbon- 
iferous limestone, and 

Trap 2*00 to 4*20 

Coal measures, Mill- 
stone grit, Carbon- 
iferous limestone 2 '00 to 4*20 

Fermian, Coal measures, 

Millstone grit, Car- 
boniferous limestone. 2 00 to 4 ‘ 2 ° 
Oolite, Lias, New Red 
sandstone, Coal 
measures, Millstone 
grit, Carboniferous 

limestone S'OO to 4*20 

Oolite and Lias. 2 '00 to 4*20 

Oolite, Lias, New Red, 

Permian, Coal 
measures, Millstone 
cut, Carboniferous 

limestone 2 'OO to 4*20 

f Chalk, Oolite, Lias, New 

( Red sandstone 2 00 to 4*20 

(Post -tertiary, Chalk, 

( Oolite, Lias, and New 

{ Red sandstone 2 00 to 4*20 

New Red sandstone, 

Permian, Millstone 
grit, Carboniferous 
limestone, Silurian.... 2*50 to 6*25 
Coal measures, Millstone 
gnt. Carboniferous 
limestone, a little 

Permian 2*50 to 6*25 

The same as Group ro. 2 08 to fi'25 
New Red sandstone, 

Coal measures, Mill- 
stone grit, Ac.... 2 ‘08 to 6*25 

New Red sandstone, 


Mean. 

3 * 43 1 
3 * 43 1 
3 * 43 * 


3 ‘ 43 T 

3 ’ 43 r 


=•573 

2-573 


3 * 43 * 

3 ' 43 r 


Per; 


al 


measures, Millstone 
grit, Carboniferous 
limestone, Silurian.... 2 08 to 6*25 
I 277 Cambrian and Silurian. 3*33 to 6*25 
, o / Ditto with Carboniferous 

1 3’33 to 6-25 

(Oolite, Lias, New Red, 

J Permian, Coal 
4 ° 5 2 | measures, Gnt, & Car- 

l bomferous limestone. 2 *o 8 t 0 4 *I 7 
o f Oolite, Ancholme Chalk, 

°34 \ Chalk, Post-tertiary. 2* 08 to 4*17 
1 079 Oolite, Chalk, and Fen 2-08 to 4*17 

1 837 Oolite and Fen 2*08 to 4*1 7 

f Chalk, Gault, Lower 
3 074 \ Green sand, Oolite, 

l Lias, and Fen. 2*08 to 4*17 


3*228 


2*573 

2*426 

S'426 

2*426 



RIITR BASINS. 


England and Wales. 


Groups. | o j 

55 « 

IV. West-Midland. 


Square 

Miles. 


Chief Rocks. 


21 Dovy 12 

22 Towy 14 

23 Wye 7 

24 Severn ... 1 

V South-Eastern. 

25 Arun 9 

2S Medway . 3 

27 Thames .. 3 

28 Blackwater . 1 2 

29 Yare 4 

VJ. South-Western. , 

30 Bristol-Avon 2 , 

31 Tanet S 

32 Taw 5 

33 Camel 6 

34 Towey 9 

35 Tamar 9 

30 Ex 4 

37 Axe 7 

38 Salisbury- A von 

30 Test 6 

40 Isle of Wight 1 


1 118 
* 936 

2 671 


I 869 
I 481 

997 

*°75 

8S9 

549 

544 

S58 

99S 
467 
* 43S 
x 232 

*34 


Silurian 

( Coal measures, Mill- 
stone grit. Carbon- 
iferous limestone, 
Old Red, Silurian. ... 
f Oolite, New Red, Coal 
1 measures. Millstone, 
\ Carboniferous lime- 
I stone. Old Red, 
1, Silurian 

( Oolite, Lias, New Red, 
Permian, Coal, Grit, 
Carboniferous lime- 
stone, Old Red,Silurian 

Tertiary, Chalk, Upper 
Green sand, Gault, 
Lower Green sand, 
Weald clay, and Low er 

Wealden sand 

Tertiary, Chalk, and 

Wealden 

Tertiary, Chalk, Upper 
Green sand, Gault, 
Lower Green, Oolite, 

Lias 

frost-tertiary. Tertiary, 

l Chalk 

Post-tertiary and Chalk, 

! Oolite, Lias, Carbon- 
iferous limestone, 
and New Red sand- 
stone 

Oolite, Lias, New Red 
sandstone, and De- 

New Red sandstone, 
Carboniferous lime- 
stone, Dei oman, 
Dartmoor granite. .. 
I Carboniferous, Devonian, 
l and some Granite. ... 
Devonian and Granite. 

( Carboniferous, Devon- 
ian, and Dartmoor 
granite 

I New Red, Devonian, 
Carboniferous, and 

Granite 

Chalk, Oolite, A Lias. 
(Tertiary, Chalk, and 

l Oolite. 

j Tertiary, Chalk, Upper 
i Green sand, Gault, 
l Lower Green sand™ 
Ditto and Wealden. . 


Annual Rainfall 
in Feet. 

Range. Mean 
3 '33 to 6‘ 3 5 — 

3-33 to 6-25 3-846 

2-oS to 6 25 — 
2-08 lo 6 25 — 


2-o 8 to 3’33 -• 

1-83 to 2-6 o — 

1- 83 to a-6o 2-0 47 

1 83 to 2-60 •— 

1 83 to 2-60 — 

2- oS to 3-33 — 

2 oS to 3-33 — 

3‘33 to 6-25 — 

3 ‘33 to 4- 1 7 — 

3 ‘33 104*17 — 

3*33 to 6-25 _ 

3- 33to6-25 281 

* 50 ‘0 3-33 ~ 

2-50103-33 2513 

2 ‘5° to 3-33 2-513 
2 ‘5° to 3-33 — 



GREAT BRITAIN. 


North Britain. 


VII. Eastern 

1 Shin . . 


2 Spey 


Area in 
Square 
Miles. 


3 Dee . 

4 Esk 


5 Tay . 


Chief Rocks. 


Annual Rainfall 
in feet. 

Range. | Mean. 


7 Almond 


VIII. Western 

0 Northern 


10 Na Shallag . 


14 Clyde 

15 Ayr 


IX. Islands. 

17 Shetland . 


18 Orkneys . 
10 Hebrides . 


20 Adjicent 

Islands 


Upper and Lower Silurian. 

2 769 Devonian, Flags, Oolite, 

and some Granite 

Silurian, Devonian, Clay- 

3 122 slate, some Granite ar.d 

( Serpentine ... _ 

o e. 1 Granite, Gneiss, Silurian, some 

1 0 ( Limestone .... 

not (Lower Devonian, Silurian, 

l Clay Slate 

| Gneiss, Limestone, Mica slate 

2 468 1 Devonian, Clay slate, Coal 

l measures, some Basalt .... 

{ Mica Slate, Devonian, Clay 
slate. Coal measures, Lime- 
stone, some Basalt 

{ Carboniferous Lime.tone, 
Coal measures, Lower Silu- 
rian, Upper Devonian . . 
(Lower Silurian, Upper De- 
1 870 J \omaa, Carboniferous, Pro- 
{ trading rorphyry& Granite 

( Silurian, Devonian, some 
Granite, and a little Lime- 
stone 

( Lauren tian, Cambrian, a little 
1 49 2 -I Silurian, some Limestone, 

{ and Granite 

7 3 o ( Lowct Silurian, some Basalt, 
J l Serpentine and Granite ... 
j Mica schist, Granite, Porphy- 
1 ° 2 3 -j rite, some Clay slate, and 

036 t Mi« schist, Clay slate, some 
} Cambnan and Devonian . 

I 8eg (Devonian, Carboniferous 
3 ( Limestone, some Trap ... 

Silurian, Trap, some Carbon- 
5 00 lferous and Devonian, som e 

Serpentine 

2 787 Silurian, Granite, Permian 
and Carboniferous 


2.25 to 
2.60 to 
2.50 to 

2.50 to 
2.40 to 5 OO 
2 00 tO 
2.50 to 


3.25 to 5.25 

3 7 ° to 
3 - 5 ° to 


615 


365 

1 241 


1 566 


(Mica schist, Gneissose, 
I Flag, Devonian, Granite 
j Felstone, Quartz, Serpen- 
\ tine, Porphyry & Limestone 

Upper Devonian 

Laurentian 

(Skye, Mull, and Arran have 
■j Basalt, Quartz, Cambrian, 
l Silurian, Dionte, Oolite, & 

{ Lias ; Coll is Laurentian ; 
Jura & Islay resemble Can- 
tirc generally 


2 ' 7 S to 3 83 


5 - 5 ° 

6.50 



RIVER BASINS. 


7 ' 


Groups 


X. Central. 

1 Bann 

2 Foyle 

3 Erne 



J1 

6 


0 



Boyne 

Liffey 

Slaney . . ... ... 
Suir . .. . 

Blackwater 

Lee 

Shannon .. 

Corrib-Moy. 


XI. Marginal. 

IS North Marginal 

13 East Marginal .. 

14 South Marginal 
IB West Marginal... 


Ireland. 



• 5 
3 


Area ia 
Squire 
Miles 


2 243 

I 129 

i 6Sg. 


i i 041 • 

1 529 

1 681 

3 3 555 ' 

1 * 285' 

3 607- 

4 6 060 • 

2 20184 

I 

12 1 036 

20 2 188 

12 716 

46 4362 


XII. Co 1 ST AND Island*!. 


10 North Coast 

17 East Coast . 

18 South Coast . 
10 West Coast , 
"0 Isbndi 


327 
718 
461 
1 669 
202 


Chief Rocks. 


Basalt, Lower Silurian, New 
Red sandstone, some Gneiss 
and Felstone, Porphyry 
Schist, Calciferous sandstone, 
Old Red sandstone, some 
Basalt and Diorite. 

Low er Silurian, Carb. limeslone, 
Old Red sandstone, Yoredale 
shale, Millstone grit. 

1 Carboniferous Iimes'cne, Yore 
dale shale and Lower Silurian. 

( As in Group IV. also some Old 
[ Red sandstone. 

(Granite, Lower Silurian, 
Trachyte, Lower Cambrian, 
f Carboniferous limestone, Old 
j Red sandstone, Lower Silurian, 
l Yoredale shale, Millstone grit. 
[Old Red sandstone, Carbon! 
ferous limestone, Yercdale 
shale. Grit, Coal measures. 

As in VIII. without Coal ' 
measures. 

Carboniferous limestone, lome 
Lower Silurian and some Old 
Red sandstone. 

As in X. also Granite, Calcl- 
/clous sandstone, Torphyry, 

[ Upper Silurian, Quartiite. 



Wear Tyne. CoquelGrovp 


GREAT BRITAIN. 


England and Wales 

I. North-Eastern. 1 n - North-Western. 


( I Tweed (part \ 
of. . 

2 Till 

3 Several \ 
streams ) 

4 Ain 

5 Coquet .... 

6 Several 1 

streams j 
7 Wansbeck .. 

S Blyth 

9 Several ] 

' streams ; 


« d (12 Several \ , 

4 % § -I streams j 

(i3 Tees . ... xxii. 

g. ( 14 Several 1 ^ 

5 “o 1 streams / 


J. <> 6. ( 16 Ouse 1 

6 g y § 1 17 Aire S: Calder 
\Si Don . 


Jj S d 29 Derwent xxxvi i 
7 5£| 10 Several 1 xxxvii. 1 

> q O streams ) 


21 Hull XXXVU1. I 

22 Foulness .. ... xxrix. I 

23 Several \ . 

streams J 


1 24 Several \ si 2 l 

streams ) 

25 Line vlu >04 

26 Eden * ,5t - 9>5 

27 W ampool ... *; v * 78 

2S Waver * lv - 7° 

1 29 Ellen 7 2 

30 Derwent . ... »»“■ 262 

31 Several 1 ,, 

streams j 

32 Ellen xxv - 7 2 

33 Calder »'>• 28 

34 Ert «'1‘- 6* 

35 Esk 64 

1 36 Several 1 „xi 2 g 

streams ) 

37 Duddon . • xxiv- 4® 

38 Several \ j,™,. $6 

streams J s 

39 Lev ***• 202 

40 Kent xxxul. 255 

41 Lune »“'*• 418 

42 Wjre vli 20S 

( 43 Kibble *1“ S 8 S 

44 Small stream xlv. 7 

4$ Douglas xhu 168 

46 Sev eral 1 x!lT 

streams J 32 


1 47 Alt vlvu. 126 

4S Mersey xtvui. 8S5 

49 Weaver . .. lxxi. 711 

50 Dee l«t. 813 

51 Clwyd lxix. 319 

52 Several ... 1 

streams... J __ 

53 Conwy lxvii. 222 

54 Several I ,, u j8 

streams f * 

56 Sciout, Gorfai Ixii. 143 

■ SS Sock luii 33 

57 Ercb Ixrv. 55 

58 D S$£} >"■ 48 

59 Frysor.. lxvi. 141 

60 Artro 1XXV. 45 

61 Small streams IxxvL 3 

I.62 Mawddach.. Ixxvii. 151 

| l—.tolvi. 26S 

l group.../ 



RIVER VASIA’S. 


England and Wales. 

East Midland. | IV. West Midland. 


I{‘ 


i I 

18 <5 -70 Will 


71 Welland... Ixxiv 

[ 72 Nen lxxxiv. 


( 73 On» Unw. 

74 Wissey ... Ixxxvui. 

ll| ,S \"cv} ,, “™' 


22 « 
r‘ 


77 Dysynui ... IxxviiLj 

78 Afon Dyfi Ixxix 

79 Lery lxxx. 

80 Stream ... lxxxi. 

81 Rheidol Ixxxii. 

82 Istwyth ... xcvm. 

83 Wyrai xcix. 

84 Arth c. 

85 Aeron cl 

86 Several ) . 

streams f 

87 Teifi . dll 

88 Kevem, ) . 

Gwaen / dv * 


89 S. 


. Bride's! 
Bay ...f 
90 E andW.l 
CleddauJ 
gi Pembroke.. 

92 Several I 

streams 1 

93 Taf 


evil. 

cvuL| 

cix. 


94 Towy ex 

95 Gwendraeth (z)l 

fach and V exit. 

fawr ) 

56 Llwchwr ... CxiiL 

97 Small | 

98 Tawe cxv.. , w 

99 Neath ... . cxvi.1 iiS 

too Afon cxxvu.j 87 

lot Ogmore cxvili.; 114 

K2 j I 

streams ) 


103 Ely 

104 Taff 

105 Rumney . . 
166 Ebwy . ... 

107 Usk ......... 

108 Several ) 

streams / 

109 AVye 


67 


cxxl 81 
cxix.l 19S 
cxxiL 94 
CxxulI 94 
cxxir.l 540 
cxxv.j 5 S 
cxl'i 609 


24 no Severn .. ... lxxxiiL.4350 



Medway Gioup Awn Group. 


GREAT BRITAIN. 


V South-Eastern. 


' ill Aran ... 

1 112 Worthing 
iij Adur 
1 14 Brighton 
, ni Ouse 

I t 10 Cuckmere 
1 17 Oldhaven 
118 Rother . . 
1 19 Hythe ... 


England and Wales. 

| VI. South-Western. 


Number 

OrfoMice 

,. clxxvu 
clxxvui. 
clxxtx 
.. dwt 
.. cKxxtv. 


120 Stour 

| 121 Small . , 

1 streams J cl * xxn 
122 Medway clxuu 


clxxtni. 373 

>37 


123 Cray and 

Darent .. 

124 Thames . 

and Lea } CTXV1 “* 

125 Roding . , cxxxiv. 


126 Crouch . .... cxxxv. 

127 lilackw ater cxxxi.] 

128 Coast cxxxii 

129 Colne cxxx. 

130 Coast cxxxin 

131 Stour cxxix. 

132 Gipping . xcvu 

133 Deben ...... xc\i 

134 Coast 

135 Ore or 1 

Aide ..... J 

136 Minsmere . . xciu 

. 137 Ely*.. 


_L ( 138 Lowestoft 
o j >39 Waver ley 1 
U J and Yare j 
d 140 Bure . .. , 
g 1 141 Glaven 1 
> k. (part of) | 




Number | Area 

°&r 


) 142 Avon 

143 Yeo .. 


1 144 Axe cxlv | 

145 Brue cxlsi 

146 Several j „ lv s. , 
streams j 11 

147 Barret cxlvin 

14S Several 1 cxli. to) 
streams J cxlm 

( 149 East Lynn cxl 

,s ° •SL. } — * 

<151 Taw cxxxix. 

152 Tonidge ... cxxxviu. 

I' 53 

[ 1 $4 Rude Bay clxxxvi 
* 155 Fentirepomt clxrxvm. 
Ij6 Alan or ’ 

Camel 
I 157 Several 
streams 
158 Small 
streams 

| 159 S. Ives, 


f 161 Several ) 
streams J 
162 Several ) 
streams J 

1 163 Falmouth .. 
164 Small 1 
streams J 
I 165 Truro .... 

16& Fal 

167 Several 1 
streams J 

16S Fowey 

] 169 Several \ 
streams I 


149 

>S 

43 

(iS) 

69 
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GREAT BRITAIN. 


England and Wales. 

V. South-Eastern I VI. South-Western. 


f in Arun ... 

1 12 Worthing 

113 Adur 

1 14 Brighton 
US Ouse .. 

1 16 Cuckmere 

1 17 Oldhaven . 

1 18 I' other 

1 19 Hythe ... 


120 Stour 

121 Small 

streams 

122 Medway 


123 Cray and 

Darent 

124 Thames 

and Lea 

125 Rodmg ... 



cxxvim 

CXXX1V. 


126 Crouch . .. cxxxv, 

127 Blackwater cxxxi! 

128 Coast .. cxxxii. 

129 Colne . .. cxxx. 

13° Coast cxxxui 

IJI Stour . . cxxix 

x 3* S l PP ln S . xcvii 

133 Deben xcvli 

134 Coast v CV 

X 3S Ore or ) 

Aide } XC1T * 

136 Minsmere .. *dii 
*37 Birth xcii.l 


13^ Lowestoft 
s 39 Waverley 1 
and Yare f 

140 Bure 

14* Glavcn 1 
(part of) / 


!xxxix.| 
lx XXVI 


I 142 Avon 
143 Yeo . 


! Brue 

i Several 
streams , 

' Barret cxlviii 

! Several \ cxli. to| 

streams 


exlvn 


1. 

& 1, 
§ 

tn J 1 


East Lynn 
Small ) 
streams ) 

Taw 

Torridge ... 
Bideford 1 
Bay ..../ 


cxl. 

cxxxvii 

cxxxix. 

cxxxvni 

clxxxv. 


4 Bude Bay clxxxvi. 

j Tentirepomt c.xxxviii. 
1 Alan or 1 , 

Camel \ cl «H 
r Several 
streams 

5 Small 
streams 


Several 1 
streams j 
Several 1 
streams | 
Falmouth 
Small 1 
streams f 
Truro .... 


562 

135 

4« 

47 

SI 


coin. 

ccxL 


Fal 

Several 1 
streams ) 
Fowey ., . 
Several 1 
streams j 


(IS) 

69 



ftnr.n ms/xs 


11 


1>f.uxi) *\j* Wmv. 


SomiAVcfnux 


A»i 

li 


i?o l.yntier 

I'l Tavy aril 
Itillml* 
>73 Hym-wth .. 
Lear 

174 riym ... 

175 Ycalme 

176 llrme . 

177 Aunc 
,178 Silt IVint 


. - » 


OCTL 

cacriL 

CaCrin. 


1} 

“1 

u i 


179 Hart .. 
1S0 Tcign .. 
181 Stream . 
1S2 Lx .. 


calif.' 5S4 


183 Otter 

184 Stream 
1S5 Aac . 

186 Char . 

1S7 Biit . 

185 Bredy 

189 Weymouth 


SOVTJI WniT r V Tr’:« 


§•£ («r> IV—e 

i7, c 1 19J Atm 


tf. 

1' 


/I9J lyminRton clai 
[193 Beaulieu .. ctill. 

1 19*> Tm el*. 

1 197 lichen elanl 

^198 llamblc (l)«I*lv anil ' 
I elav I 

1 199 Uamble (2)daal and 
V clam. 
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GREAT BRITAIN. 


North Britain. 


VII. Eastern. 

Group. Basin. 

, i Wick . 


IE? 

196 

1 .7. 


2 Bemdaleand 

Langwell 

3 Ullie 207 

4 Brora 300 

5 Shin . . 72 7 

6 Conan , 700 

7 Beauley . 468 


630 


8 Ness 

9 Nairn . . 

10 Fmdhom 1 

and Lossie 1 

11 Spey 190 

^ 12 Deveran, &e. 594 


14 Ythan 

15 Don 

16 Dee 

17 Blackburn & 

Bervie, &c. 

18 North Esk 

19 South Esk . 


r 21 Tay 
1 22 Eden . 


• 295 
S3Q 
.. 76S 


f ■» 

.. 267 


( 23 Leven .... 
24 Forth . . .. 


,) 2 S 

o • 26 

e 

3 '27 


Tyne & coast 222 



VIII. Western. 





in Feet 

°"“ p 


Minare A 
Miles [in 

- 


29 Thurso 8. \ 
Forss . . ) 

362 

2 33* 

i 

30 Halladale 1 

201 

>995 

2306 

0 « 
£ 

3 1 Naver and ) 
Borgie ..j 

308 

2858 


32 Hope and ) 

24O 

3426 


Dionard | 

3861 




3060 


m More 


- 


34 Assynt.. . . 

35 Broome . 


— 

Jf 

36 Na Shallag .. 



10 £ 

37 Maree 

1492 

4095 


38 Canon 


2 377 


39 Long and ) 




Etcbaig J 


_ 


40 Sheil and 1 


_ 


Coast.../' 


2 377 




3 924 


41 Glenelg & | 





Knoidart J 


20S7 




11 g 

Arisaag J 


3 750 

u< 

43 Moidart ... 

730 

“ 


44 Ardnamurchan) 






3934 


Morvem ) 


1 7*3 






.45 Conn & Ed 

169 

3819 


46 Lochy 

5*7 



47 Nevis 

35 

- 

12 | 

48 Leven and! 

156 

2136 

*73* 


49 Etive 

50 Orchy&Awe 

>65 

450 

2695 


5> Cantire 

33* 


Feet. 

94a 
>935 
3 >64 
3040 


3°*S 

2 543 

3 55* 
2 493 

4 00a 


>544 

4406 


3670 

2897 

>530 



Cffite. kyg- 


arras Msrxs. 


13 


IV rsTTRN —con tin utd. 


5* Fyne 

53 Rod 

54 Eek ... 
5 $ Long 


(57 Clyde 

1 5 ? Irtinc &. coast 

59 Ayr .V Coyl... 

60 Doon 

61 Girran . . . 


64 Cree with \ 
Binder ® ch 1 
and Fleet J 

65 Ken 

66 Urr . 

6? Ntth 

68 Annan, £.c. ... 

69 Kirtle 

^70 Esk (Solway) 


orth Britain. 




IX. Island'. 



iti*w 


lUii-a 

Ait* la 

la Ifft 


"llJev 

b 

3 70 S 

17 

Shetland » * 



- 


71 Mainlinl 

4*0 

1476 

3301 


72 Unit Veit, ic... .. 

*95 

933 

18 

Orkneys s 



3191 


73 Pomona 

20J 

“ 



74 lloj^and small 

160 

*555 





* 54 * 

10 

Hebrides 5 



1S65 


7 ! t-™» 

. S76 

2662 

2764 


76 North Uist •• . . 

3,5 

* 99 * 

“ 


77 South Uisl 

7S Barra 



* 75 ° 


1 50 


79 Small islands 

*435 

20 

Adjacent Islands : 



2764 


So Skje 

• 55 S 

3220 


Si Kaasay, &c. 

30 

1 500 

261S 


82 Rum and Eigg, &e. 

3 « 

2S67 

- 


83 Coil and Tirec .... 

45 

- 

2231 


S4 Mull 

• 3*7 

2305 

2631 


85 Colonsay, &c. 

22 

- 

- 


86 Jura 

3, 4 

*735 

2269 


87 Islay • 

112 

• *57 



8S Arran 

162 




89 Bute 

60 




90 Small islands . . 

10 

~ 


Note — Same or these areas are roughly estimated from the Map of Kin 
the Rivers Commission Report. The Rock-formations arc in 
doubtful, being taken from a Geological Map in which the colours 
fully rendered. 


;r Basins nf 
aw cate* 
arc doubt* 
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GREAT I> RITA IX. 


X. Central Large Basins. 

--eg.' 

Group and Haims. 2 


Ireland. 

JX1. Marginal Small Basins. 

I« I I 

Group and F asm 1 5 s ."^F* I 2 


In the North: 

1 Bonn and 
Neagh . 

2 Main ... 

3 Moyola 

4 Balmderry 

5 Blackwater 


6 f 6 Foyle 
g<-! 7 Finn . 
U. S Mource . 


In the East 
4 to Boyne . . 


it Liffey .. 


In the Sooth : 

j (13 Barrow ... 183 


1 14 Nore 
l >5 Suir... 


ICS8 219S 
27S 707 

129 1 353 


1 6S9 653 

I 

I 47i 
529 '1 765 
| 

6S1 '3039 

I- 

184 1602 


IS* | 977 |IOI2 
■ c ' Ij94 - *— 


16 Blackwater 190 


Mi! 


Lee 22S 

Glasbaboy 193 
Owenna- 
curro 192 


In the VTest: 

c f 20 Shannon .. 
, c J 21 Suck 

1 5 "j 22 Inny 

•n 1 23 Fergus ... 


124 Corrib 
123 Moy 


4 554 

6l J 

4S7 

402 


12 Northern Senes : 

26 Carey and 1 
Glen Shesh J 

27 Bush 

28 Roe . ... 

29 Four streams 

30 Fanghan 

31 Mull, Cranal 

& BurafootJ 

32 Eleven 1 

streams ...J 

33 Swilly 

31 Leannan . 

35 Fire \ 

streams f 

36 Lachagh and 

Burn 


17 & lS 36 1 36S 
16 130 ,1782 

41 i5° 1774 

36 to 39 3S 1 29S 
40 115 2240 


5. 9 i 
1, 4 to SI 

1 1 to 15 J 


66 1 377 


to.32. 33 \ 
29 , 30 ) 


27 &■ 2S ! 
2. 3. 20,) 


1 177 
2 ‘97 


13 Eastern Series • 

38 Glendun and 

2 streams 

39 Glenarm & | 

2 Streams 1 

40 LarneWater & 

3 streams 

41 Lagan . . 

42 Quoile and 

2 Streams . 

43 Leilnm R. & 

3 streams .. 

44 Seven streams 

45 Newry R. . 

46 Cully and 

3 others ... . 


49 Dee and 

1 stream 

50 Nanny and 

2 streams ... 

51 BroadMeadow 

& I stream . 

52 Tolka and 


54 Vartry, 

55 Fotters and 2 


42 to 44 

' 53 

1817 

!•£) 

1 46 1 
| 

1 2S7 

70 to 73 

40 

946 

74 

218 

‘755 

75 to 77 

150 

60S 

“S to Si 

So 

1919 

S2 to 8S 

1 73 , 

2796 

S9 

“9 

Sol 

90 to 93 

,5 ° 

‘3*S 

9t 

‘35 . 

‘093 

95 

1 ‘35 

1027 

96 & 97 

| l6S 

9SS 

160 to 162 

,‘29 

530 

163 &. 164 

'too 

374 

165 to 167 

I 72 

339 

169 

( 46 

1765 

170 

1 60 

23S4 

172 to 174 

i 40 

962 



KIVr.R PASS'S. 
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Marginal Sm all Basins- 


Cron? »nJ P»«n 

*=6 

13 Ea'tem Series — itn tin urJ. 

56 Otoe* ......... 171 

57 OncntUTom. 

Clonough .V 

. Sow ......... 1761017s 


11 Southern Series: 

5S IJillyleige ... 179 

59 Corock 1S0 

60 OnendulT .. . iSl 
Gi Mahon . ... 1S5 

62 Tay&.Dalligan |S6, 1S7 

63 Colligin and 

Brickley ... iSS, 1S9 

64 Womanagh ... 191 

65 Owcnboy . . 250 

Gt> Stick 231 

67 Bandon . ... 229 
6S Argideeu . . .. 232 
69 Ronry 234 


15 Western Series : 

70 lien 233 

71 Leamawaddra 

and 2 stream* 235 to 237 

72 Owram and 

2 streams 22510227 

73 Glengaiiff and 

5 streams .. 2IOtOZ24 

74 Sheen .... 218 

75 Roughly 217 

70 Sneem and 

2 streams . . 2!4t02l6 

77 Inny and 

3 others . 21010213 

78 Caragh and 

Behy 208, 209 

79 LauDc . ... 207 

80 Main and 

1 stream ... 197, 198 

81 Eight streams 19910206 

82 Lee and Tyshe 195,196 

83 Feale ... 194 

84 Cooraclare 1 54 

85 Creegh and 

3 others . 15010153 

86 Coolenagh Sc 

2 others 147 to 149 

87 Kinvarra — .. 140 
S3 Kilcolgan .. 145 

89 Clann 144 

90 Owenbohska 

and 4 others 138 to 142 


Ares t 

u- 

Mik. 


[Marginal Small Basins — tentinued. 




15 Well era Scries — tenttnufJ. 
9t Ealljnshinch 


92 Ilrrifl 131 63 1 691 

93 Ilunowcn and 

3 others 12710130 76 2610 

94 Carrowl*£ f. I I 

2 others. 12410126 59 957 

95 New jx>it and t 

2 others. .. 107 to 109 1 10 ! 1 £95 

96 OwcndufT 106 

97 Oaenmore . 105 

Glcnamoy and 

2 streams ... 9Stoi0o ; 57 1 1 >65 
99 Ballinglen and 

2 streams ... 101 to 103 | 33 

100 Cloonamore 104 1 51 789 

toi Easky and j 

4 streams ... Ill to 115 81 I 778 

102 Ball) sadare 116 252 1 685 

joj Carvogue ..117 '139 1 575 

104 DufT and I 

2 streams 11810120 70 1399 

105 Droaes and | 

1 stream. . I2i A 122 '114 1 1 233 

106 Balhntra and 

1 stream ... 59 & 60 I 50 

107 Eask 

108 Eanywalcr 58 

109 Oily and 

1 stream 57 46 

no Glen and 

1 stream ... 55 6- 54 35 1 6 49 

1 1 1 Owentocker . 52 & 53 63 I 649 

112 Owenaa and 56 

2 streams ... 49 &. 50j 

1 13 Gweebara 48 

1 14 G weed ore and 

1 stream . 47 & 22 I 31 1 1 636 

1 15 Clady and | 

1 stream ... 23 & 19 I 44 [ I 639 

XII. Coast Series. 

16 North Coast: Sq. Miles. 

1 16 28 Detached Pieces 327 

17 East Coast . 

17 49 Detached Pieces 

18 South Coast- 
118 18 Detached Pieces 

10 West Coast • 

19 91 Detached Pieces 


718 
461 
< 669 



CANALS AND INLAND NAVIGATIONS. 


THROUGH ROUTES IN ENGLAND AND WALES. 

According to Messrs. E J. Lloyd, C-E. and J. H. Taunton, C.E. 
in May, 1883. 

MU' An asterisk (*) against the name of a Navigation indicates that it is owned or 

controlled by a Railway Company, thus affecting the whole Route, 

Nett ,— Draft in the dimensions of locks denotes the greatest immersion at which any 
craft can pass through the Navigation. 


Route. 

Name of Canal or 
Navigation. 

g 

Sue of Lock. 

Length. Breadth. 

1 Draft. 




Ft. in. Ft. in. 

Ft. tn. 

1 London to 

* Regent’s 

8i 

90 0 by 15 0 

5 *> 

Liverpool 

Grand Junction ... 

XOI 

80 0 „ 14 6 

4 & 

(First Route.) 

Oxford 

5 

No lock. 



Warwick & Napton 

15 

0 

S- 

0 



Warwick & Btrming- 





ham 

22 

72 0 „ 7 0 



'Birmingham 

15 

72 0 „ 7 0 



Staffordshire and 





Worcestershire ... 


7 2 0 /» 7 0 ■ 



'Shropshire Unions 

68 

80 0 „ 7 6 ! 

4 0 


River Mersey 

10 

Open navigation | 



Total 

245 i 



London to 1 

River Thames 

20 

Open navigation 


Liverpool 

Grand Junction ... 

94 

80 0 by 14 6 


(Second Route.) 

Oxford 

24 

72 0 ,, 7 0 



Coventry 


72 0 „ 7 0 



'Birmingham 

Si 

No lock 



Coventry 

5 

ditto. 



'North Staffordshire 


72 0 by 7 0 



Duke of Bridge- 





water’s 

Si 

84 0 „ 15 0 



River Mersey 

*5 

Open navigation 



Total 

263} 





CANALS AND NA VIC A TlONS. 1 7 


Route. 

Name of Cana! or 
Navigation. 

Miles.! 

_) 

Size of Lock. 

Length. Breadth. 

Draft. 




Ft. in. Ft. in. 

Ft. tn. 

London to 

River Thames 

20 

Open navigation 


Liverpool 

Grand Junction 

94 

80 0 by 14 6 

4 6 

(Third Route). 

Oxford 

5 

72 0 „ 7 0 

4 0 


Warwick & Napton 

x 5 

72 0 „ 7 e 

4 0 


Warwick and Bir- 





mingham 

22 

72 0 „ 70 

4 0 


•Birmingham 


72 0 „ 7 0 

4 0 


Staffordshire and 





Worcestershire ... 

=3 

72 0 „ 7 0 

4 0 


•North Staffordshire 

55 

72 0 „ 7 0 

3 <5 


Duke of Bridg- 





water’s 

5l 

85 0 „ 15 0 

4 6 


River Mersey 

*5 

Open navigation 



Total 

269} 



2 London to 

•Regent’s 

8i 

90 0 by 15 0 

5 

Hull 

Grand Junction ... 

96 

80 0 „ 14 <5 

4 6 

(First Route). 

Grand Union 

24 

72 0 „ 7 0 

4 0 


Leicester & North- 





ampton 

18 

80 0 „ 15 0 

3 6 


Leicester 

16 

70 0 „ 14 0 

3 6 


Soar 

8 

70 0 „ 14 0 

3 6 


Trent 

100 

90 0 „ 15 0 

3 6 


River Humber ... 

18! 

Open navigation 



Total 

289 



London to Hull 

River Thames 

20 

Open navigation 


(Second Route) 

Grand Junction ... 

94 

80 0 by 14 6 

4 6 


Oxford 


72 0 „ 7 0 | 

4 0 


Coventry 

27 

72 0 „ 7 0 

4 0 


•Birmingham 

5* 

No lock 



Coventry 


ditto. 



•North Staffordshire 

26 

72 0 by 7 0 



Trent 

ro2j 

90 0 „ 15 0 



River Humber 

m 

Open navigation 



Total 

323 
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GREAT BRITAIN. 


Name of Canal or 
Navigation. 


Length. Breadth. Draft. 


3 London to 

River Thames 

78J 

Severn Ports 

Rennet 

r -4 

(First Route). 

Rennet and Avon... 

74 

♦Avon to Hanbam.. 



Avon Tideway . ... 

>5! 


Total .... 

i8oi 



— 

London to 

Thames 

roGJ 

Severn Ports 

Writs and Berks . . . 

37 

(Second Route) 



Thames and Severn 

204 

j 

Stroudwater . .. 



Sharpness Docks, 
Gloucester and 
Berkeley, Section 
to Sharpness .... 

9 


Tolal . . 

180 

London to 

Thames 

1414 

Severn Ports 


(Third Route). 

Thames and Severn 

28? 

Stroudwater to Tide- 
way 

8 


Total 

178 

London to 

River Thames 

20 

Severn Ports 

Grand Junction .... 


(Fourth Route 

Oxford 


Warwick and Nap- 
ton 



Warwick and Bir- 
mingham 



♦Stratford-on-Avon . . . 



Sharpness Docks, 
Worcester Section 



Severn 



Gloucester & Berke- 
ley to Sharpness 

i6l 


Total 

(224 


Ft. in. Ft. in. 
Open navigation 
120 o by 1 8 o 
75 ° it >4 6 
jo 8 o „ 1 8 6 
Open na\igation 


109 o by 17 8 
78 o ,i 80 
72 o ,1 17 6 


Altered 15 
72 o 
72 c , 


12 3 
17 6 


140 o by 22 o 

109 o „ 17 8 

90 o „ 14 o 

72 O „ 12 6 


72 o 


17 6 


Open navigation 
80 o by 14 6 
72 o „ 70 


72 o . 
72 o ; 


72 o , 
150 o . 


7 o 
7 o 


7 ° 
30 o 


4 6 


4 6 



CANALS AND NA YIGA T 10 NS. 10 


'Route, 

Name of 

Canal ot Navigation. 


Size of Loctc. 


Length. Breadth. 

Draft. 




//. in Ft. 1 «. 

Ft. in. 

4 Liverpool 

River Mersey 

io 

Open navigation 


to Severn Ports 

'Shropshire Union... 

68 

80 0 by 7 6 

4 0 

(First Route). 

Staffordshire and 





Worcestershire ... 

263 

72 0 „ 70 

4 0 


Severn . 


99 0 ,, 20 0 

6 0 


Gloucester and 





Berkeley 

16 

100 O „ 24 0 

6 0 


Total 

i6 4 i 



Liverpool to 

River Mersey . . . 

X S 

Open navigation 


Severn Ports 

Duke of Bridg- 




(Second Route). 

water’s 

si 

0 

S 

0 

4 6 


•North Staffordshire 

55 

72 0 „ 7 0 

3 <> 


Staffordshire and 





Worcestershire .. 

21} 

72 O „ 7 O 

4 0 


•Birmingham 1 

*5 

73 0 „ 7 0 

4 0 


Worcester and Bir- 





mingham 

30 1 

72 0 „ 7 0 

5 6 


Severn ... 

30 

iqo O „ IO O 

6 0 


Gloucester and 





Berkeley .. . . 

1 16 

lOO O „ 2 4 O 

6 0 


Total 

I >8;i 



5 Liverpool 

Leeds and Liverpool 

127 | 

70 O „ 16 O 

4 0 

to Hull 

Aire and Calder 

35 

212 O „ 22 O 

9 0 

(First Route). 

River Ouse 

8 

Open navigation 



River Humber 

| 18J 

ditto 



Total ... 

I 188J 



Liverpool 

River Mersey .. . 

*5 

Open navigation 


to Hull 

Duke of Bridg- 




(SecondRoute) 

water’s 

26,' 

84 0 by 15 0 

4 6 


Rochdale 

33 


4 6 


Calder and Hebble 





(in course of im- 





(provement) 

22 

53 0 » 1 4 0 

4 6 


Aire and Calder ... 

35 

212 0 „ 22 0 



River Ouse 

8 

Open navigation 



River Humber 

i8i 

ditto 



Total ... 

x 58} 





GREAT BRITAIN. 


Size of Lock. 


Route. 

Name of 

Canal or Na\ igation 

tiles. 

Length Breadth, 

Draft. 




Ft. m. It. »«. 

It. in. 

Liverpool 

River Mersey . ... 

15 

Open navigation 


to Hull 

Duke of liridg- 




(Third Route). 

water’s 

26J 

84 obyis 0 

4 6 


Rochdale 

I 

73 0 J 4 0 

4 6 


♦Ashton 

6 

83 0 8 6 

4 6 


♦Huddersfield 

I9f 

70 0 „ 7 0 

4 6 


♦Sir John Ramsden’s 

ii 

53 0 „ 14 0 

4 6 


Calder and Hebble 

*3 

58 0 „ 14 0 

5 « 


Aire and Calder 





(original improved) 

.IS 

212 0 ,, 22 0 

9 6 


River Ouse 

8 

Open navigation 



River Humber 

i8* 

ditto 



Total ... 

146J 



6 South Staf* 

♦Birmingham 




fordshire 

(average) 

12 

72 oby 7 0 

4 0 

Mineral Dis- 

Warwick and Bir- 




trict to 

rmngham 

22 

72 0 „ 7 0 

4 0 

London. 

Warwick andNapton 

15 

72 0 „ 7 0 

4 0 


Oxford 

S 

No lock 



Grand Junction ... 

101 

80 0 „ 14 6 

4 6 


♦Regent’s 

81 

90 0 „ 15 0 

5 0 


Total .. 

163* 



7 South Staf- 

♦Birmingham 




ford shire 

(average) 

10 

72 oby 7 0 

4 0 

Mineral Dis- 

Staffordshire and 




trict to 

Worcestershire ... 


72 0 „ 7 0 

4 0 

Liverpool 

♦North Staffordshire 

55 

72 0 „ 7 0 

3 6 

(First Route) 

Duke of Bridg- 





water’s 

5 

84 0 „ 15 0 

4 0 


River Mersey 

i5 

Open navigation 



Total' ... 

io6| 



South Staf- 

* Birmingham 




fordshire 


10 

72 0 by 7 0 


Mineral Dis- 

S ta fiords hire and 




trict to 

Worcestershire ... 

1 i 

72 0 „ 7 0 


Liverpool 

* Shropshire Union... 

68 

80 0 „ 7 6 


(Second Route 

. River Mersey 

10 

Open navigation 



Total ... 

89} 

1 




CANALS AND NA VJGA T 10 NS. 21 


Route. 

Name of 

Canal or Navigation. 


Sire of Loci 

ic. 


Length. Breadth. 

Draft. 




Ft. 111. Ft. in. 

Ft. in. 

8 South Staf- 

•Birmingham 




fordshire 

(average) 

= 7 

72 0 by 7 0 

4 0 

Mineral Dis- 

Coventry 

5i 

No lock 


tricl to Hull. 

•North Staffordshire 

26 

72 0 by 9 0 

3 G 


Trent 

102 

90 0 „ 15 0 

3 6 


River Humber 

i8i 

Open navigation 



Total ... 

i79 


! 

0 South Staf. 

•Birmingham 




fordshire 


10 

72 0 by 7 0 

4 0 

Mineral Dis- 

Worcester Section... 

3° 

72 0 „ 7 0 

5 6 

trictto 

Severn 


0 

0 

0 

6 0 

Severn Ports 

Gloucester and 




(First Route). 

Berkeley Section 

16 

100 0 „ 24 0 

6 0 


Total ... | 

86 



South Staf- 

•Birmingham 

7 

72 0 by 7 0 

4 0 

fordshire 

Stourbridge 

7 

72 0 „ 7 0 

4 0 

Mineral Dis- 

Staffordshire and 




trict to 

Worcestershire ... 

12 

72 0 »> 7 0 . 

4 0 

Severn Ports 

Severn 


99 0 „ 20 0 I 

6 0 

(Second Route) 

Gloucester and 





Berkeley Section 

16 

100 0 „ 24 0 

6 0 


Total ... 

86 



South Staf- 

1 • Birmingham 

10 

72 oby 7 0 


fordshire 

Staffordshire and 




Mineral Dis- 

Worcestershire ... 

25 

72 0 „ 7 0 

4 0 

trict to 

Severn 


99 O „ 20 O 

6 0 

Severn Ports 

Gloucester and 




(Third Route) 

Berkeley Section 

16 

100 0 „ 24 O 

6 0 


Total ... 

95 



10 Bristol and 

Bristol and Taunton 


No record 


South Coast. 

•Grand Western 





Canal 

42 

» 



Total ... 

83 




22 


GREAT BRITAIN. 


CANALS AND INLAND NAVIGATIONS. 


Summary of Length. 

England 

and 

Wales, j 

North ' 
Britain 

Ireland, j 

Total. 

I, Under Independent Canal Companies 

1 477+! 

84^ 

0 

I 562* 

II. Under Public Trusts 

> 013*1 

O 

164 

■ 1771 

III. Controlled by Railway Companies ... | 

i 

106 

92 

■54«i 

IV Converted into Railways or Derelict .. 

47 H ' 

— i 

— 

47 2 t 


I. — CANAtS BELONGING TO INDEPENDENT CANAL COMPANIES. 


By the 
Board 
of Trade. 


England and Wales 
Aberdare Canal, Wales . ... 

Aite and Calder Canal 

Barnsley Canal, incorporated with] 

Aire and Calder 

Baybridge Canal 

Birmingham and Warwick Junction 

Bradford Canal 

Bridgwater, Duke of, Canal .. . 

Britton Canal, Wales 

Bude Canal, Devon j 


Caistor Canal, Lincolnshire 

Calder and Hebble Navigation, 
leased to Aire & Calder Canal Co. 

Carlisle Canal 

Chelmer and Black water, Essex . .. ,| 

Coventry Canal 

Derby Canal 

Driffield Canal, Yorks 

Erewash Canal 

Glamorganshire Canal, Wales ... 
Sharpness New Docks & Gloucester! 
3nd Birmingham Navigation, in- 
cluding 

Gloucester &: Berkeley Canal 


Droitwich Canal 

Droitwich Junction 

Birmingham & Worcester Canal' 


Ft in Ft. in. 
70 c by 1 o 9 
2V2 o „ 22 o 


No record 
71 oby 70 
66 o „ 15 2 
84 o „ 15 o 
No record 
104 o by 29 6 

63 o „ J4 7 

No record 


No record 
ditto 

72 oby 70 

90 o „ 14 6 

72 6 14 6 

67 o ,, 10 G 


163 o „ 29 6 

1 15 o „ 29 6 

81 6 „ 13 6 

82 o „ 14 6 

82 o „ 70 

7i.° ..7° 


Miles. 

80 


►35* 

4 

Hi 

14 

18 

Si 


Miles. 

7 

80 


39 1 
35 2 


14 

18 

si 


78^ 


CANALS AND NAVIGATIONS. 


23 





By the 

Name of Canal. 

Sire of Craft. 

l^c.1. 

Board 
of Trade. 


ft in. ft. in. 

M,hs. 

Miles. 

Grand Junction Canal (London and 




Northampton) 

Si 6 by 14 o 

*35 

135 

Grand Surrey Canal 

— 

4* 

4} 

Grand Union Canal 

71 0 „ 70 

26 

26 

Grosvenor Canal (part) 


— 

1 

Hertford Union Canal & Regent’s (pt.) 

90 0 „ 15 0 

roj 

6 

Homcastle Canal, Lincolnshire 

No record 

11 

— 

Kid welly Canal, Wales 

No record 

3 i 

— 

Leeds and Liverpool Canal .. j 


)l42 

*44 

Leicester and Melton Mowbray . 

70 0 „ 14 6 | 

,6 

16 

Leicester and Northampton Canal . 

88 0 ,, 15 6 

24 

24 

Leven and Hull Canal, Yorks. . . . 

72 0 ,, 17 0 

3 

3 

Liskeard and Love Canal, Cornwall 

No record 

5? 


I-outh Canal, Lincolnshire 

87 6 by 15 5 

III 

— 





North Walsham and Dilham Canal 

ditto 

7 

— 

Nutbrook or Shipley Canal 

ditto 

4i 

— 

Oxford Canal 

7 1 0 by 70 

9» 

9t 

Penelawd Canal, Wales 

No record 

4 


Portsmouth and Arundel (part) Canal 

80 oby 14 0 

4 

4 

Rochdale Canal 

73 © „ 14 2 

42 

35 

Saint Columb Canal. . 

— 

6 

6 

Shornchffe Canal ... .... 

— 

30 

30 

Sleaford Canal Lincolnshire 

60 0 „ 15 0 



Somersetshire Coal Canal 

70 0 „ So 

7i 

1 1 

Staffordshire & Worcestershire Canal 

71 0 „ 70 

50 

5° 

Stourbridge Navig t Voices, and Staffs 

0 .. TO 

7 

7 

Stroudwater Canal 

72 0 „ 17 6 

8 

— 

Surrey Dock Canal . . . 

— 

4} 

4i 




Thames and Medway Canal . . . 

94 8 ,, 22 8 

9 

— 

Thames and Severn Canal j 


[ 3° 

3°S 

Warwick and Birmingham Canal . . 

72 0 „ 70 

22I 

22 h 

Warwick and Napton Canal . . 

72 0 „ 70 

>5 

Ml 

Wey and Arun Canal . ... j 

Wilts and Berks Canal, and North 

Si 6 „ 14 3 

}“ 

18 

Wilts Canal .... 

78 0 „ So 

68j 

68$ 

Wisbeach Canal j 

54 0 „ 14 0 

92 0 „ 12 6 

} 

si 

Total 


1 210J 

- 



GREAT BRITAIN. 


Name of Canal or Navigation. 

Size of Craft. 

Length. 

By the 
Board 
of Trade. 

Navigations. 

Ft. in. Ft, in. 

Miles. 

Miles. 

Arun River (part of) Sussex 

78 0 by 12 0 

>3 

— 

Avon River (part of) Warwick 

80 0 „ 16 5 

25 

— • 

Driffield River, Yorks 

Medway River, Upper Navigation ... 

— 


6 f 

Various 

l 5 

■5, 

Medway River Lower Navigation .. 

86 0 by 23 0 

7} 

7? 

Mersey and Irwell Navigation (with 




Duke of Bridgwater Canal) 

84 0 ,, 15 0 

57 

57 

Parret Navigation, Somerset 

— 

16 

— 

Rother River, Sussex 

No record 

11 

— 

SoarRiver.orLongboroughNavigation 

70 0 by 14 6 

8 

— 

Stort River, Staffordshire 

100 0 „ 13 6 

■3} 

■3l 

Tamar Navigation, Devonshire . . . 

No record 


Trent River Navigation, Notts .... 

90 oby 15 0 

72 

72 

Total of Navigations 


267 

- 

North Britain. 




Aberdeenshire Canal 

No record 




Borrowstomess Canal 





Caledonian Canal 

,, 


— 

Crinan Canal 

, 

oi 



Glenkenn’s Canal 

•• 

25} 

~ 

Total 


84 

- 

Ireland 




Under Independent Companies 


None 

— 



CAXAIS AXD XA V1GA TIOXS. 


II. Cmis and Navig vnoss under Public Trusts. 


Name of Canal cr Navigation. 

England and Wales. 

Adur River, Sussex.. 

Ancholme Navigation 

Arun River, Sussex 

Avon, Bristol 

Axe River, Somerset 

Bedford Level and Ouse 

Blj the River, Suffolk 

Bourne Eare River, Lincolnshire . 
Bure or North River, Norfolk .. .. 

Colne River, Essex 

Dee River, Cheshire 

Exeter Canal to coast 

— -vv— >. I 


Somerset .... 

It chin Navigation 

Ivel River, Hertford and Bedford. 
Larke River, Suffolk 

Lea River, Hertfordshire and / 
branch Canals 

Little Ouse, or BrandonandiVaveney 
Nene River 

NaiT River, Noifolk 

Ouse River, Sussex 

Ouse River, York 

Ribble Navigation, Lancashire .... 

Severn (Trust).. 

Severn (Free) - 
Stour River, Essex and Suffolk 

Thames, from London Bridge ... | 

Weaver Navigation, Cheshire 

Welland River 

Wye River to Hereford (Free) 




Sue nf Craft. 

Length. 

77. in n, in. 

Mihs. 

No record 

14 

70 oby iS 0 ! 

*9i 

78 0 „ 12 0 

} »» 

79 0 „ 12 0 

No record 

*5i 

ditto 

9 

ditto 

135 

ditto 

[ 9 
l 3° 

ditto 

3i 

ditto 

9 

ditto 

4i 

No leeks 

JO 

No record 

5 

ditto 

12I 

ditto 

10" 

No record 

7 

70 0 by 13 0 

14 

ditto 

11 

No locks 

1 1 

96 0 by 20 0 


96 0 „ 18 0 

l JO 

96 0 „ iG 0 

f 

96 0 „ 13 0 


— 

22i 

80 0 „ 14 0 

5° 

No record 

M 

ditto 

30 

70 0 by 22 6 

60 

No locks 

1 r 

270 oby 35 0 


*5° 0 n 30 0 

l 4. 

100 0 ,, 20 0 


99 0 „ 20 0 


No locks 

138 

— 

20 

240 0 by 22 0 

) 

109 0 „ 17 8 

> 146 

90 0 „ 14 6 

J 

— 

22 

No record 

37 

No locks 

37 




31 

9” 

20 


_S 

ti 

33} 

22 \ 

60 

44 




GREAT BRITAIN. 


2G 


Name of Canal or Navigation. 


Wye and Lugg (See Derelict) 
Wey River 


North Britain. 
Canals under Public Trusts . 
Ireland. 

Grand Canal 


Sue of Craft, ( 

I 

F /. tn. Ft. in. | 

No record J 

Total ... . 


Length. 

By the 
Bd. of 
Trade. 

Miles. 

Miles. 

— 

1 99 i 

20 

[ 20 

101 3t 

— 

None 

| 


No record I 164 ' 164 


III. Canals and Navigations Owned or Controlled nv Railway 
Companies 


Name of Railway 1 
Company. j 

Name of Canal or 
Navigation 

Size of Craft. 1 

1 

Length 

By the 
Bd of 
Trade. 

England and i 







Wales. 


Ft. 

in. Ft. 

in 1 

Miles. 

Miles. 

Lancashire & York-! 

Manchester, Bolton, 






shire Railway. 

& Bury Canal .. 

6S 

oby 15 

0 

*5 

16 

London & Norlh-j 

Birmingham Canals . 

72 

0 „ 7 

0 

169 

160 

Western Railway 

Shropshire Union, j 

80 

80 

0 „ 15 

0 „ 7 

6 1 

H 

*°3i 


Lancaster Canal... | 

7 2 

66 

0 „ 14 
0 „ is 

6 ' 
2 1 

| 60 

60 


Huddersfield Canal . 
St Helen’s or Sankey 

70 

0 » 7 

0 | 

>9? 

23? 


Canal 

I No record 


12 

I6J 


Newport Fagnell 







(Converted) 
Sir John Ramsden’s . 

71 

0 „ 7 

0 

3 1 

— 


53 

0 ,, 14 

2 

35, 

4 




Total. . 


47°i 

— 

M — M r 


7i 

0 by 6 

10 

1 

46 ; 

46 



82 

0 7 

3 

=6}' 

26J 



81 

0 8 

D 


*5 



57 

0 „ 15 

O 

M ■ 



uuu Navigations ... 

61 

0 ,> 17 
6 „ 15 

6 

13 



Sheffield Canals 

Ashton-under-Lyne 

61 

6 .1 15 

2 

3l 

) 


and Oldham 

83 

0 ,, 8 

9 

Wl' 

■7i 



I Total ... 


1 i8ojl 

- 




/?, in. Jl. in. Mild. Mil a. 

Midland Railway. Ashby-de-la-Zouche j ^ , 

I Canal ?' “17 7 o I !f '! 5“ 

OaVlum (Commcd! !■»«<( 4 *» — 

Cramford & High ( 72 o „ 14 (1 \ f g 

Peak Canal \ So o „ 7 2 , I 


1 

Total I 

06 } — 

i 

Great Western GrandWestem Canal, 
Railway. 1 Bridgwater and 

1 

1 

No record | 

12 12 

Taunton Canal ... 

60 0 by 1 3 9 1 

> 5 l ' 5 l 

Kennet & Avon C- J 

120 0 „ iS 0 

j- 85 1 86} 

and both rivers.. J 1 

75 0 „ 14 6 

1 Stratford-on-Avon ... 
Stourbridge Exten- \ 

71 0 „ 70 

»s 5 =s! 

sion 

Hereford & Glouecs- 

71 0 „ 70 

3 ( 3 

ter (Converted) ... 

73 0 „ So 

34 34 

Swansea Canal 

No record 

«7 *7 

Tone and Parret . 
Monmouthshire, 

I Brecon and Aber- 


12 j — 

\ gavenny Canals. 

68 6 by 10 0 

1 54 54 

j Stover Canal, Devon 

_ 

2 2 

Great Eastern Stowmarlcet Na\iga- 

Totil . . 

' 59 ?! — 

Railway. tion 1 

Lowestoft & Norwich 

76 0 by 14 6 

17 l6 

Navigation 

No record 

30 3 ° 


Total .... 

47 — 

Great Northern Fossdyke Navigation 

No record 

xi :o$ 

Railway. Grantham Canal ... 

9t 0 by 14 6 


Louth Navigation . . . 

No record 


Nottingham Canal . 

91 0 by 14 6 


Witham Na\ igation . 

74 4 17 3 

3 * 3 if 


Total 

104} — 



26 GREA T BRITAIN. 


Name of Cinal or Navigation. I 

Size of Craft. 

Length. 

By the 
Bd. of 
Trade. 

Wye and Lugg (See Derelict) . 

Wey River 

ft. in. Ft. in. 

No record 

Miles. 

I Miles. 

99} 

j 20 

North Britain. 

Canals under Public Trusts . .. 

Total 

1013} 

, — 


None 



Ireland. 

Grand Canal 

No record j 

164 

164 


III. Canals and Navigations Owned or Controlled by Railway 
Companies. 




Size of Craft. 

1 

By the 

Company. 

Navigation 

| Length 

Bd of 
Trade. 

England and 





Wales. 


Ft in Ft. VI. 

Miles. 

Miles. 

Lancashire & York- 

1 Manchester, Bolton, 


shire Railway. 

J & Bury Canal .... 

68 0 by 15 0 

T S 

16 

London & North- 

J Birmingham Canals . 




Western Railway 

Shropshire Union, j 

80 0 „ 15 0 
80 0 „ 76: 

H 

*°3t 


Lancaster Canal. . j 

72 0 „ 14 6 

i 60 

60 


Huddersfield Canal . 
St. Helen’s or Sankey 

70 0 „ 70 

■9?' 

23? 



No record 




Newport Pagnell 




(Converted) 
Sir John Ramsden’s . 

7 1 0 „ 70 




53 0 ». 14 2 

3i 

4 


1 

Total .. . 

4703 

— 

M Cl rl 


71 oby 6 10 

46 




82 0 „ 73 

2 61 

261 



81 0 80 

21 

15 



57 0 15 ° 




| L/im Navigations ... 

6S 0 „ 17 6 

*3 

>«9l 



01 0 „ 15 2 


j 


Ashton-und er-Lyne 

3i 



and Oldham 

83 0 „ 89 

>7i 

>7! 



Total ...... 

i8oJ 

- 



G-*sr TVr.. 
JLCrjr 


Great Eastern 
Railway. 


Great Northern 
Railway. 


Va^'Vtt-ercCfiitl No record [ 12 j 12 


L'idg»;*.«sr zed 
7»attw:OaJ 

Co © by 9 

’ x 5l 

*5} 

&****£ & Avon C | 
*nd U/iriitrs. | 

120 o „ I 8 o 
lo? o „ 18 6 

f 5 

80^ 

^^ritfvfd-oo Avon . 
V.ourbrid/c Er ten- 

71 0 n 7 0 

2 5* 

*5} 

lion .... 

7 1 o „ 70 

3 

3 

Hereford fcGlooces- 

73 0 „ 80 



ter (Converted) 

34 

34 

Swansea Canal .... 

No record 

»7 

*7 

Tone and Barret . 
Monmouthshire, 

— 

12 


Brecon and Aber- 
gavenny Canals . 

68 6 by 10 0 

54 

54 

Stover Canal, Devon 

— 

2 

2 


Totil . .. 

»59i 

— 

Stowmarket Naviga- 





76 0 by 14 6 

>7 


Lowestoft & Non\ ich 

Ml 

Navigation 

No record 

30 

30 


Total . .. 

47 

— 





Fossdyke Navigation 

No record 

>r 


Grantham Canal ... 

91 0 by 14 6 



Louth Navigation .. 

No record 



Nottingham Canal . 

91 0 by 14 (> 


\VUham Navigation . 

74 4 .. 17 3 

3* 

?'I 


Total 

i'-<! 1 




GREAT BRITAIN. 


Name of Railway 
Company. 

Name of Canal or 
Navigation. 

Sire of Craft. 

Length. 

By the 
Bd. of 
Trade. 



Ft. in. Ft. in. 

Miles. . 

Miles. 

North-Eastern 

Hull and Leven ... 

No record 

12 

— 

Railway. 

Loren 

ditto 

3 

— 


Pocklington Canal . 

60 6 by 15 0 

9 

9 


Market Weighton 





Canal 

60 6 „ 16 6 

ii 

9 


Ure Navigation . .. 

No record 

7} 

ll 


Derwent River, 





Yorks 

45 0 by 15 0 


38 



Total 

S3} , 

North Stafford- 

Newcastle-under- 




shire Railway. 

Lyme . . 

No locks 

3 ' 

— 


Trent and Mersey j 

72 6 by 14 6 | 




Navigation . . | , 

70 0 „ 70 | 

) 11 




Total 

«» 1 

South-Eastern 

G ra\ esend & Roch es- 




Railway. 

ter Canal . 

No record 

6} 

61 

Regent’s Canal & 





Railway Cora- 





pany 

Regent's Canal . ... 


?! 

9{ 

Furness Railway. 

Ulverstone Canal . . 


1 '1 

>} 

North Britain. 



1 


North British 

Edinburgh&Glasgow 




Railway. 

Union Canal 

No record 



Caledonian Rail- 

Forth & Clyde June- 




way. 

tion Canal 

— 



Glasgow and Sth 

. Glasgow, Paisley, and 




Wstm. Railway 

f Ardrossan Canal .. 

— 



— 

Monkland Canal ... 

— 

10 

10 



Total 

106 

— 

Ireland. 





Midland Great 





Western Rlwy 

. Ropl Canal 

Total 

92 

92 



CAXALS AXD XAV/GATJOXS. 


IV. Canals and Navigations Converted into Railways or Derelict. 


I 

How Disposed of.| 

Name of Canal or 
Navigation. 

Sire of Craft. 

Length. 

By 

other 

•cents. 

England and 


Ft. in. Ft. m. 

Miles. 

Miles. 

Wales. | 
Abandoned ... 

Alford Canal 

No record 

(y\ 

6 \ 

Derelict 

Andover Canal 


22 \ 

22$ 

Derelict .... 

Basingstoke Canal 

72 6 „ 14 0 

37l 

3 7 1 

Derelict 

Combe Hill Canal. .. 



3* 

Abandoned . 

Croydon Canal 


9 ) 

d 

Derelict . .. 

Glastonbury Canal 

No record 

>4] 

14J 

Abandoned ... 

Grosvenor Canal (part) 

_ 

1 


Con\erted. ... 

Hereford & Gloucester 

73 oby 80 

34 


Abandoned ... 

Kensington Canal(part) 

No record 



Concerted 

Leominster Si Hereford 
Canal 

71 0 by 7 0 

46 

22 


,r *' ” 

91 0 „ 14 0 

Mj 

— 


■ 

71 0 „ 70 

3 




72 6 „ 14 6 

24 



Canal (part) 

80 0 „ 14 0 

rl i 

8 

Comerted. .. 

Somerset Canal (part) 

70 0 „ 80 

7 

7 b 

Derelict 

Wey & Arun Junction 
Canal 

81 0 „ 14 3 

18 

18 

Derelict . .. 

Navigations. 
Avon River (Warwick 
part of) 

82 6 „ 15 6 

,6J 

.8} 

Nearly disused 

Severn River 

No locks 


Derelict . ... 

Wye (part of)". 

-- 

62 

— 


Total 

• 

472} 
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Name of Railway 
Company. 

Name of Canal or 
Navigation. 

Size of Craft. 

Length. . 

By the 
Bd. of 
Trade. 



Ft. in . Ft. in. 

Miles ■ 

Miles . 

North-Eastern 

Hull and Leven . 

No record 

12 

— 

Railway. 

Leven 

ditto 

3 

— 


Pocklington Canal . 

60 6 by 15 0 

9 

9 


Market Weighton 





Canal 

60 6 „ 16 6 

11 | 

9 


Ure Navigation . 

No record 

7 l 

7 $ 


Derwent River, 





Yorks 

45 0 by 15 0 

40} 1 

3 8 



Total 

S3l , 

North Stafford- 

Newcastle under- 

j 

1 


shne Railway. 

Lyme . 

No locks 

3 1 

— 


Trent and Mersey / 

72 6 by 14 6 




Navigation 1 

70 0 „ 70 

J 1 



- 

Total 

12 \ 1 

’ 

South-Eastern 

Gravesend & Roches- 




Railway. 

ter Canal 

No record 

6 S 

63 

Regent’s Canal & 





Railway Com- 





pany. 

Regent’s Canal 

— 

9t 

9? 

Furness Railway. 

Ulverstone Canal ... 

- 

■i 

■i 

North Britain. 





North British 

Edinburgh&Glasgow 




Railway. 

Union Canal 

No record 



Caledonian Rail- 

Forth & Clyde June- 








S3 

Glasgow and Sth 

Glasgow, Paisley, and 



Wstrn. Railwaj 

• Ardrossan Canal... 




n 

— 

Monkland Canal . . . 

— 

10 

10 



Total 

106 

— 

Ireland. 





Midland Great 





Western Rlwy 

. Royal Canal 

Total 

92 

92 
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IV. Casals and Navigations Converted into Railways or Derelict 


„ ,, . , Name of Canal o 

Ho« Disposed ot| K.eipoon. 


England and 
Wales. 
Abandoned ... 
Derelict .... 
Derelict . ... 

Derelict 

Abandoned . 
Derelict . 
Abandoned . . 

Concerted 

Abandoned .. 
Comer ted 


i*r 

Length. otJ.cr 
I i*ctru. 


Alford Canal 

Andos cr Canal 

Basingstoke Canal 

Combe Hill Canal. . .. 

Croydon Canal 

Glastonbury Canal 
Gros\ enor Canal (part) 
Hereford & Gloucester 
Kensington Canal (part) 
Leominster & Hereford 

, Canal 

1 Melton Mowbray Canal 
Newport Pagnell Canal 
Oakham Canal (part) . 
Portsmouth & Arundel 

j Canal (part) 

Somerset Canal (part) 
Wey & Arun Junction 
Canal 


Navigations. 

Derelict .. . Avon River (Warwick 

part of) I 

Nearly disused Severn River . 

Derelict . .. Wye (part of) . 


Ft . in . It . „ t . 

Mila . 

M , Ui . 

No record 

65 0 b) 8 6 

61 

2*1 

C \ 

2 2 I 

72 6 „ 14 0 

37] 

37} 

72 0 „ 14 0 

4 

34 

No record ' 

9 t 

M I 

' h 

Mi 

73 oby 80 

34 

t 

34 

2 

No record 

2 

71 0 by 7 0 

46 

22 

9i 0 ,, 14 0 

m 3 


71 0 70 

72 6 „ 14 6 

3 

24 

*5 

80 0 ,, 14 0 

nj 

8 

7° 0 „ 80 

7 

n 

81 0 „ 14 3 

.8 

is 

82 6 „ 15 6 

No locks 

i6J 


138 


Total . 
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Begun Name. Miles. 


Course. 


*793 Gloucester and 1 
Hockeril J 

1793 Haslingden 

1793 Aberdare Canal ... 

1793 Grand Junction ) 

Canal. J 

1794 Derby Canal .. 
1794 Cromford Canal . 
1796 Grand Western l 

Canal / 

1796 Monmouthshire 1 
Canal .. J 

1796 Wyrley&Essing- | 

ton .. i 

1797 Kingston and ( 

Leominster . . J 
1797 Manchester and I 

Oldham J 

1797 Montgomeryshire . 
1797 Shrewsbury Canal 

1797 Worcester and \ 

Birmingham... J 

1798 Huddersfield Canal 

1798 Neath Canal 

1798 Swansea Canal ) 

and branch . . J 

1799 Grantham Canal . . 
1799 Lancaster Canal ... 
1799 Warwick & Napton 
1799 Warwick and Dir- ) 

mingbam ...... / 

1799 Barnsley Canal ... 




13 1 

75 


•7l 

35i 

435 


From Berkeley Hill, on the Severn, to 
Gloucester. 

From Bury to Church on the Leeds 
and Liverpool Canal. 

From Glamorgan to Aberdare. 

From Brentford to Braunston on the 
Oxford Canal, on the course to 
Liverpool, and forming a junction 

■ with the lines to Hull and Bristol. 

From the Trent to Derby. 

From Cromford to Langley on the 
Erewash Canal. 

From Topsham, at the mouth of the 
Exe, to Taunton Bridge. 


From the Fazeley Canal to the Bir- 
mingham Canal. 

From the Severn to Kingston. 


18 



195 { 


20 ^ 



25 



From Rochdale Canal to Huddersfield. 


From Shrewsbury to the Shropshire 
Canal. 

From the Severn to the Fazeley and 
Birmingham Canal. 

From Huddersfield to the Manchester 
and Oldham Canal. 

Frorfi the Neath to the Aberdare 
Canal. 

From Swansea to Hen Noyadd. 

From the Trent to Grantham. 

From Kirby Kendall to Haughton. 

From the Grand Junction Canal to the 
Oxford Canal. 

From Old Birmingham Canal to the 
Warwick and Napton Canal. 

From the Calder near Wakefield to 
Barnsley. 


Cmcr Canals of the Present Century. 


1S00 Peak Forest 


From Chapel Milton Basin to the 
Manchester and Oldham Canal. 


tSoo Thames & Medway 8\ < From Gravesend to Rochester. 
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Name. 

1S01 Croydon Canal ... 

1801 Grand Surrey Canal 
i§or Kennet and Avon 

1501 Wilts and Berks ... 55 j 

1 502 Glenkenns Canal... 27 

1802 Nottingham Canal is ' 
1802 Somerset coal "l 

Canal and Rad- > 16 

stock branch j 

1503 Somerset 5 : Dorset 42 
1S03 Caledonian Canal 21} 
1804 Ellesmere&Ches - 1 

terand branches J J 


Miles. Course. 

, ( From Croydon to the Grand Surrey 
5 ) \ Canal. 

J From Mitcham to Rotherhithe on the 
12 | Thames. 

j From the Avon to the Kennet and 
57 \ . Newbury Can3l. 

J From the Kennet and Avon Canal to 
55 | the Thames and Isis navigation. 

27 From Kirkcudbright to Dairy. 

( From the Trent to the Cromford 


Canal. 

j From the Kennet and Avon Canal to 
| Paulton. 

f From the Kennet and Avon Canal to 
l the Stour. 

From the North Sea to the Atlantic. 


1S04 Rochdale Canal .. 

1804 Southampton & 1 
Salisbury .... / 
1804 Shorncli/Te Canal .. 


j From the Bridgwater Canal to the 
Calder and Hebble navigation. 


31 1 

17} | From the Itchin to the Avon 
iS 


1805 Aberdeenshire ) 
Canal •• • / 
1805 Ashby-dC'la-Zouche 
1805 Leicester&North- 1 
amptonshire > 
Union .... j 
1812 Glasgow and Salt- I 
coats . } 

1814 Regent’s Canal 

1815 Portsmouth and 1 

Arundel / 

1S29 Norwich&Lowes- ) 
toft Navigation j 
unkn Wey and Arun j 


From Hythe to the mouth of the 
Rother 


H 


From Aberdeen to the Don 
From Ttcknall to the Coventry Canal. 
| From Leicester to Market Har- 
^ borough 

( A part of the Glasgow, Paisley and 
| Ardrossan Canal as far as Johnstone. 

From Paddington to Limehouse. 

’ From the River Arun to a bay near 
Portsmouth. 

| Finished in 1833. 

From the Wey to the Arun. 

One of the canals finished last. 


Junction 

1834 Birmingham and 
Liverpool Junc- 
tion 

Note. — The discrepancies in Ihe details are sometimes due to alterations * 
information on this subject is Inexact and incomplete. ' 
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dates of acquisition of canals and navigations 

UNDER THE CONTROL OF RAILWAY COMPANIES. 

'According to the Statement of the Board of Trade. 

Name of Railway Coropary, and 
'*• Conditions of Acquisition. 


Canal or Navigation. Miles. 

England & Wales. 

1845. 

Huddersfield Canal... 
Norwich and Lowe - \ 
stoft Navigation j 
St Helen's (Sankeyl 
Brook) Canal ... f 
SirJ Ramsden’s Canal 
Ure Navigation .. . 

1846. 

Ashby Canal . . . 


19J 8& 9, c 105 Amalgamated with Lon &N.W. 
30 {25 & ^6 c 223 } P urchase( l by Great Eastern. 

_ < 8 & 9, c. 117 \ Amalgamated with the London 
27 8:28,0.296 J and North-Western. 

4 8 & 9, c. 64 Purchased by London & N,W. 

~ 00 ( Purchased by Leeds & Thirsk, 

n 8 & 9 . c. 104 1 now North-Eastern, 

30 9 & 10, c 203 Purchased by the Midland. 

J Guarantee in perpetuity of 4 
Birmingham Canal . . 160 2 & 10, c. 244 < per cent by the London and 
l North-Western Company. 
46 9 & io, c. 358 Purchased by Man Shfld.&Linc. 
r 0$ 9 & 10, c 71 Leased for 894 years by the G.N. 
33 9 & 10, c. 155 Leased for 999 years by the G.N. 

G| 9 & 10, c. 339 Amalgamated with S 'Eastern. 


Chesterfield Canal .. 
Toss Dyke Navigation 

Grantham Canal 

Gravesend and 1 
Rochester Canal J 
Ipswich&Stowmar- \ 
ket Navigation J 


16 


(9& 10, c ro6 1 Leased by the Great Eastern 
(25&2G,c.223 J for 42 years. 

| Leased in perpetuity by the 
Macclesfield Canal... 2GJ 9 8: io, c. 267 ■< Manchester, Sheffield, and 
( Lincolnshire. 

Manchester, Bolton, 1 , ( - H J Amalgamated with the Lanca- 

and Bury' Canal J Jv* ,0 * c - \ shire and Yorkshire. 

' The Canal Company became 
a Railway Company in 1846, 
and the whole Undertaking, 
including the Brecon and 
Abergavenny Canal, was 
vested in the G.W. Railway 
Company in 1880 (c. no). 
14? 9 & ,0 j c - *55 Leased by G. N. for 999 years. 
K 0 *i,o c Leased in perpetuity by the 
15 9 ">• c - t Mm. Sheffield, Sc Lincoln. 


Monmoulhsliire Canals 20 9 & 10, c. 371 


Nottingham Canal . 
Peak Forest Canal . 


St Canal 25 * ro,c. 278 Purchased by the Gt. Western. 


Shropshire 

Canals... 


2033(9 51 '° ,c - 233 

**\roScii,c.i2i 


Became a Railway Company 
in 1846, and then leased in 
perpetuity, under an Act of 
1847, to the Lond. & N.W. 
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Canal or Navigation. 
Stourbridge Exten-1 

sion Canal ...... J 

Trent and Mersey 1 

Canals ) 

Witham Navigation... 

1847. 

Dearne and Dove! 

Navigation ) 

Dun Navigation 

Louth Navigation . . 
Market TVeigbtofl ) 

Canal \ 

Pocklington Canal ... 
Stamforth & Kead-1 
by Canal ) 

1848. 

Ashton and Oldham! 

Canal J 

Sheffield Canal 

185;. 

Kennet and Avon! 
Canals ) 

1863. 

Uivcrston Canal ... 


Stover Canal .... 


1864. 

Grand Western Canal 

Lancaster Canal 

Newcastle-under- ) 
Lyme i 

1865. 

Brecon and Aberga-1 

venny Canal | 

i860. 

Bridgwater and l 
Taunton Canal.../ 
1870. 

Herefordshire and ) 
Glo’stershreCanalJ 


Name of Railway Company and 
Conditions ol Acquisition. 


Miles. Act. 

3 9 & 10, c. 278 Purchased by Great Western. 

, t o (Amalgamated with North Staf- 
,.C <,&,** 84 l for § sMre 

31 J 9 & 10, c, 71 Leased for 999 years to G.N. 

„ „ (Leased for ggg years by the 

15 ioS.n,c.25ij j[an C hr.,SMeW,& Lincoln. 
39 10 & n, a 291 Purchased by Man. Shfld.&Linc. 
15 { 113 & 148° 1 Lease< * ky Great Northern. 

9 10 & n,c. 216 Purchased by the N.-Eastern 
9} 10 & 1 1, c. 216 Purchased by the N.-Eastern. 

- { Purchased by the Manchester, 

is 120: 13,0.29 | Sheffield, and Lincolnshire. 

<■ 0 , (Leased in perpetuity to Man- 

i,i rr & .2,0. 86. j chesKr , Sheffield, 6; Lincoln. 

, , . <. ( Leased for 999 years by Man- 

31 11 & i2, c. 75 j Chester, Sheffield, & Lincoln. 

( Purchased by the Great Wes- 
tern. The Board of Trade 
may, under certain condi- 
tions, regulate the tolls. 

1 . p, , o (Purchased by Furness Railway 

.1 =5 & 26,0. 89 \ Comp ,„ y ! > 

! Amalgamated with the M ore- 
tonhampstead and South 
Devon Railway Company, 
now Great Western. 

.2 a7 & a8,c.8 4 ( P ^ n X^?L,eS a 
60 ,,*2^ 

2 23*28.0 ..8{ L T^oS 1 D. C,U " ? ' ,I,NOrt! ‘ 

(2S & 29, c. 280) Purchased by Monmouthshire, 
(43 & 44. c. 1 13 f now Great Western. 

.51 29*30,0.96 (*"*»££**-« 


34 33 & 34,0.83 Vested in Great Western. 
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Canal or Navigation. 
Ctomford and High) 

Peak Canal j 

1872. 

Swansea Canal 

1882. 

The Regent’s Canal 


,, , , Name of Railway Company and 

Miles. Act. Conditions of Acquisition. 

1 6 33 & 34, c. 6 3 Purchased by Midland. 


*7 35 & 36, c. 152 Vested in the Great Western. 


45 & 46,0. 262 


[Vested in the Regent’s Canal, 
( Dock, and Railwy Company. 


Total in England and 
Wales 1 259 


North Britain. 
1848. 

Edinburgh & Glas-1 
gow Union Canal j 
1867. 

Forth and Clyde) 
Junction Canal J 


32 12 & 13, c. 39 Purchased by the North British. 
S3 30 & 31, c. .06 [ “ aled "■ i "' ^ Cal ' d °' 


Total in N. Britain 85 


Ireland. 

-nmmt Pomi ’ cs. « , (Purchased by the Midland 

Royal Canal . . JP_ 88:9,0119} Great Western. 

Total Length in Great 
Britain and Ireland 1 436 


Board of Trade, May, 1883. 
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THE CANAL COMMITTEE OF 1883. 

A select committee inquired into the subject of English 
ianals in 1SS3, and obtained some valuable evidence ; of 
hich the following is an abstract 

Edward John Lloyd, C.E., and engineering manager of canals, 
revv attention to existing defects , among which are ■ — (1) The 
umerous companies owning parts of a through-course or 
ammunication. (2) The different gauges of these parts In 
aterway and in locks. (3) The faulty construction in section 
f waterway from sloping sides. (4) The present sections are 
ot economic for steam-haulage (5) The want of systematised 
trough tolls. (6) That the canal companies do not all supply 
oats and haulage. (7) That the canal companies arc not 
treed to give sufficient statistics relating to their canals and 
icir traffic, the speed possible, the obstructions, and the 
'harfage available. (8) That the amalgamation of canal 
ompanies is hindered by railway control of links, by purchase 
nd interference. (9) Bad condition of canals owned by railway 
ompanies. His proposals arc — (1) That canal boats should be 
10 feet long, 1 1 feet wide, 6 feet deep, capacity 120 tons ; and 
,ic waterways and locks altered to suit their size, being 
20 X 12 x 7 feet, throughout through-courses (2) That 
trictly mileage tolls should be charged on through-routes, and 
lat these should be uniform throughout a route. 

William Brown Clegram, C E , and engineering manager of 
anals, recommended: — (1) Such a general improvement of canals 
s would enable boats of 40 tons of cargo to pass through all 
iic waterways of the kingdom. (2) The locks to be 70 feet long, 
to 8 feet w idc, depth on sill of 5 to 6 feet (3) That canals , 
1 a defective or imperfect state should be transferred to effective 
ompanies. (4) That all canals be emancipated from the 
ontrol of railway companies. (5) That some public authority 
hould be allowed to have compulsory powers in these matters 
f transfer. 

John Hooke Taunton, C.E., and engineering manager of canals, 
epresented the inefficiency of some canals, the want of capital 
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for carrying out repairs and improvements, and the loss of traffic 
owing directly to railway competition. 

Leveson Harccurt, CJZ., of experience in hydraulic matters, 
says that: — (i) The want of statistical information prevents 
improvement from being estimated ; that an investigation is 
necessary. (2) Thinks that all the canals should be under one 
administration. (3) Considers there arc difficulties in the way 
of State purchase of the canals 

James Abemethy , C.E ^ of experience in canal matters, re- 
commended that : — (1) Canals should in an)- through-route follow 
the pattern of the Aire and Calder Canals. (2) That on 
through-routes enlarged locks be made to accommodate vessels 
of 150 to 200 tons. (3) That with steam haulage the times of 
deliver)- of goods should be regulated. (4) That the canal 
banks would require protection against waste. (5) In some 
instances recommends inclined planes or vertical lifts. (6) He 
considers restrictions and regulations in some cases neccssary 
for the protection of the public ; also that there should be 
compulsory sale of canals owned by railway companies. (7) 
Advocates the purchase and administration of the canals by the 
State. (S) Mentions that some canals cam large dividends. 

William Hantond Bartholomeu\ C.E., managing engineer of 
canals, noticed : — (1) The undue expense involved in bringing 
canal cases before the Commissioners in London. (2) He con- 
siders the cheapest haulage is that by steam tugs carrying 
cargo. (3) That canaK require improvement generally before 
adopting steam-haulage. (4) 'I hat railway influence prevents 
amalgamation of canal compmlfi f5) Suggests that canal 
leases should provide for compulsory purchase at the end of 
lease, so as to facilitate amalgamations. (6) Notices the need 
of authority for enforcing through rates on any intermediate 
links of canal. (7) Recommends compulsory arbitration in 
moit matters in preference to compulsory action of the Board of 
Trade. 


Frauds Rcubillae Conder, CM., of canal experience, thinks 
that: — 0 ) About £0 000 per mile of canal should be spent on 
Improvements. (2) That the locks on the Grand Junction 
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Canal, 88 x IS, should be generally adopted; the depth 
increased to 7 feet. (3) That the State should not purchase the 
canals, but should remove impediment to their use. (4) Suggests 
a permanent scientific commission to deal with the subject. 
(S) Mentions the need of full statistics of canals published by 
authority. (6) Relieves in thh obstructive action of railway 
companies. (7) Necessity for full report in detail by competent 
engineers as to the whole of the internal navigation of the 
country. (8) Proposes 100-ton boats and endless chain haulage 
on through-routes ; but considers small canals and small boats 
sufficient for agricultural districts (9) Believes in compelling 
railway companies to keep their canals open for traffic even 
when worked at a loss. (10) Considers that the restoration of 
canal traffic is necessary to the maintenance of inland manu 
factures. 

Fred. Morton , railway andjcanal carrier, of large experience, 
mentions that : — (1) Under the present unfavourable conditions of 
comparison, the cost of haulage for long distances by canal is 
greater than by railway; but for short distances it is less 

(2) That canals have a great advantage in a continuous siding. 

(3) That there arc great difficulties about tolls for through 
traffic (4) That if 8o-ton boats be adopted on through routes, 
the canal traffic will be very large, much time will be saved, and 
the cost of transit will be reduced. (5) That if boats of 200 tons 
were used through, the cost of transit would be further reduced. 
(6) That putting canal boats to discharge into vessels in port 
effects great economy. (7) The improvement of the canal 
system would benefit British manufacturers greatly. (8) He 
proposes that powers should rest with the Railway Commissioners 
as to canal matters. 

General F. Rundall, of canal experience, suggests as arrange- 
ments for main routes, adaptation to steam haulage, and boats 
from 200 to 300 tons , locks 1 50 x 20, with 8 J feet depth on sill ; 
a single control, uniform mileage tolls at a low rate, and, if 
necessary, purchase and administration by the State. 

James AUport, railway director, believes that: — (1) In conveying 
coal, canal through-routes could not at all compete with railways. 
(2) That truck-loads arc more convenient than boat-loads of 
coal. (3) That the interest of the public is, with the railways, 
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not with the canals. (4) That the canal interest should be left 
to take care of itself. (5) That expenditure on through routes 
of canals would be very wasteful. (6) That, besides coal, all 
heavy goods and raw material can be more cheaply conveyed 
by railway than by canal on long through routes. (?) That 
railway companies would be wise to sell such canals as they have 
bought at the price of purchase. (8) That the disadvantage of 
canals consists in the necessity for locks, and the consequent 
obstruction of traffic ; that lifts or inclined planes have little 
advantage over locks. (9) That canals are good for short 
distances and for places unaccommodated with railways. 

The bulk of evidence was to the effect : — (1) That canal transport 
is far cheaper for all heavy goods, on canals in suitable condition 
than on railways. (2) That the time of transit would be about 
the same (3) That the emancipation of English canals from 
the control of the railway interest was very desirable. (4)* 
That amalgamation of canal companies, improvement of 
waterways, and uniform mileage rates, were necessary. (5) That 
State or Municipal control would be necessary to prevent 
financial mismanagement, and to protect the public against the 
tyranny of vested interests, that might repeat itself in another 
form. 

The results that might have been effected by the Committee : — 
(1) To declare that the compulsory purchase of all through 
canals, at original prices, was necessary. (2) To advise the 
creation of special Government funds for purposes of canals. 

(3) To recommend that all canals be placed under public 
trusts, or assigned to local boards or companies in trust. 

(4) To advise the construction of eight or nine enlarged 
through-routes, as soon as the details were determined by a 
conference of experts. 

The actual results were, to do nothing at all ; the treatment 
being parallel to that in the case of the water-companies, and 
many other cases of oppression under unjust free contract; 
that is, in favour of the plutocrats and to the detriment of the 
public. Such neglects can only culminate in mob-rule. 
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Storage effected. 
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Aberdare, Glamorgan... 
Aberystwith, Cardigan 
Ashton-under.Lyne, 

Lancashire 

Bacup, Lancashire .. 
Barrow-in-Furness, Lan 

Bath, Somerset 

Blackpool, Lancashire.. 
Boston, Lincolnshire .. 
Bradford, Yorkshire .. 
Burnley, Lancashire .. 
Bury, Lancashire 
Cannock, Staffordshire 

Cardiff, Glamorgan 

Carlisle, Cumberland .. 
Carmarthen, Carmar. ... 
Cockermouth (urban) 

Cumberland 

Cockcrmouth (rural), do. 
Coventry, Warwickshire 
Durham 
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77 

A 

2 Bedford . 
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3 Guisbrough 
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;e farms competing in 1879 . 
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Mr. Blackburn 

25 

Light sandy 

36-2 

Ferruginous 



Want of 






gravel 


outlets. 

■8 

31 Dec . ’78 

Mr Collett 

28 

l I.ight sandy 
\ Loamy soil 

34-7 

43'5 

\ Similar to 
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1 Similar to 
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Sewers 

are 

liable to 

’9 

31 Dec . ’78 

Mr. Clarke 

8 

( Clayey 
( Loamy . 
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49’5 


Soil un- 
suitable 
for pure 

1* 
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Mr. Jones 

19 

(Sandy&pcaty 
1 Do do. 
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8 o - o 

) Gravel and 
) sand 


filtratn 

None 

79 

31 Dec.' 78 

Mr. Anscombe 

28 

( Light peaty 
\ Sntf clayey 

79 7 
57-6 

j Gravel 


Liable 

to 





( Light peaty 

i°3'° 

Yellow marl 

25-9 

flooding. 

/ Liable 

79 

25 Mar. * 7 q 

Mr. Parrott . 

94 

< Gravelly 

4T7 

Open gravel 

131 

J to ex cess 



( Dark gravel 

65 9 

Open gravel 

9‘4 

(soil wtr. 





( Light sandy 

24-= 



79 

2 Feb ’79 

Mr. Brundell . 

44 

■{ Light sandy 

288 

) soil 


None. 





( Stiff clayey 

473 



31 Dec. *78 

Mr. Tough ... 

46 

f Lfoht sandy 

2 3*4 



High bfu 

78 

^ Stiff ..... 

44'9 

| soil 






( Heavy 




79 

29 Sep. '78 

Mr. Champion 

ss 

J Light 
t Stiff 

4 ”i 

Gravel & peat 
Clay 
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4 ?i '2 

/ 3501 cm 

j liable to 
t flooding. 
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“1 
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Year. 

Yrs. 

i Aldershot 

104*0 

99* 

8 000 

77 

8l 

?S 000 (?) 

un- 
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f) 

Flow 

1S64 

«5 

2 Bedford 

183-13 

, S3' 

iS 690 

102 

1 22 

1 5 2 000 

1*30 

3» & »3 

1S68 

tt 

3 Guisbrough 

24'23| 

16 

5 300 

219 

33® 

t8 ooo(?) 

un- 

known. 

0*50 

Flow 

j 

1870 

9 

4 Wrexham . 

Class II. — 

io 4‘ 

1 00-7 

10000 

96 

99 

48 000 
to 

So 000 

near 

now 

rSf>9 

to 

Large. 











5 Birminghair 

1 271*61 

*52*9* 

112 500 

444 

539 

480 000 
and 

upwards. 

025 

Flow 

1867 

12 

6 Croydon .. 

. 455'd4 

320- 

55 000 

121 

172 

1233000 

0-50 

Flow 

tSGo 

iS 

7 Doncaster 

. 304*82 

229*42 

21 000 

69 

92 

91 000 

2*00 

52 

«873 

6 

E Leamingtoi 

1 764*19 

1 161*06 

23 000 

3° 

142 

100 000 

to 

140 000 

2*25 

*32 

1871 

8 

9 Reading .. 

.. 675* 

76 *oG 

, 33000 

5* 

433 

80 000 
to 

128 000 

2*43 

43 

*875 
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Date 

Name. 

Per- 

sons 

Soil. 

Per 

cent. 

Subsoil. 

Per 

cen 


None 

Mr. Blackburn 

25 

Light sandy 

36*2 

Ferruginous 



Want of 




gravel 


storm 

outlets. 

31 Dec. '78 

Mr. Collett 

28 

f Light sandy 
\ Loamy soil 

347 

435 

\ Similar to 
) soil 


Sewers 

are 

liable to 

31 Dec. '78 

Mr. Clarice 

8 

f Clayey 
( Loamy . 

54*3 

49‘5 

\ Similar to 
) soil 


flooding. 
Soil un- 
suitable 
for pure 

1 rcb/79 

Mr. Jones . 

19 

(Sandy &peaty 
1 Do do. 

6l 5 
8o’o 

1 Gravel and 
) sand 


filtratn 

None. 

31 Dec/ 78 

Mr. Anscombe 

28 

f Light peaty 
\ Stiff cbyey 
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57’6 

j Gravel 

- 

Liable 

to 

flooding. 

25 Mar.’79 

Mr. Parrott . 

94 





2 Feb ’79 

Mr. Brundell . 
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28-8 
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None. 
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31 Dec. '78 

Mr. Tough ... 
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44'9 
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Date. 
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31 Dec. ’78 
r Feb/79 

31 Dec’ 78 
25 Mar.’ 7 9 
2 Feb. ’79 
I31 Dec. ’78] 


Name. 

Mr. Blackburn 
Mr. Collett 

Mr Clarke 
Mr. Jones 

Mr. Anscombe 

Mr. Parrott .. 
Mr, Brundell . 
Mr. Tough 


79I29 Sep. ’78 Mr. Champion 


Soil. 
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I Loamy . 
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EXPENDITURE ON* THU SINK SEWAGE FARMS 
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• The Leamington tenant pays £450 of this 
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RING THE YEAR 1878, IN ROUNDS STERLING. 
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increase 
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3 Guisbrough 

3 * Dec 

1878 

5 


44 

- 

90 

- 

4 Wrexham 

i Feb 

lS J9 


_ 

470 


459 

- 

5 Birmingham 

31 Dec. 

iSjS 



t5S3 

100 

750 

840 


.. 


414 

5 203 

200 

2 512 

101 





7 Doncaster 

2 Feb. 

1879 

350 


9S2 

100 

722 

- 

8 I,catmngton... . 

3> Dec. 1 S 7 S 

"900 

183 

1 C20 

200 

1830 

81 


29 Sep 


731 

449 

t528 

225 


153 

1 


1916 


* The Leamington tenant pays £450 of this. 
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Actual farming Profit. 
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TABLE OF RATES PER ACRE OF EXPENSE AND PROFIT 
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Area of Farm used in 
Calculation. 
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not ghcn. 
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2 Bedford 
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*■83 '3 

0 70 

22 GOG 

7-503 

5 513 

3-920 

3 Gutsbrough 

* 24 23 

090 

not given. 

ncne 

1 81G 

3-714 

4 Wrexham ^ 

*104- 

0 75 

8-990 

23-183 
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4-413 

$ Birmingham . 

271-62 

0 90 
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1G-340 

+2-14G 

incomplete 

3-129 

6 Crojdon . . 

*455*64 

0 90 

12G91 

10 9S0 

11*430 

6 018 

1 Doncaster .. . 

*304-82 

0 95 

16 895 

1G 377 

3*123 

2 G97 

8 Leamington . . . . 

*764-19 

0 70 

9 253 

10 8G0 

2*120 

2 6G4 

9 Reading 

67S- 

0 90 

12025 

15 91G 

t0 782 

incomplete. 

3176 


* These areas are emplojed to reduce the rates in the Report of the Judges : 

t Accounts incomplete, as complete 


Note — T he economy effected by purifying the effluent should 
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•OF THE NINE SEWAGE FARMS, IN POUNDS STERLING. 


L 

% 

% 


1 C 


«■< ri 


•S 

_c 

s 

si 


fi) g 

S fc-B 

g *S 

s 

£ 


0 

< 


< 5 

« . 

1 


It 

■8 

i 



6 

tj 


w 



£ 

Per acre. 

£ 

Per acre. 

£ 

Per acre 

£ 

Per acre 

Millions of 
Cubic feet. 

Acres 

Cubic feet 
per acre. 

not given. 

- 
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/ Loss | 
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Profit ) 
0514/ 

55 
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16 
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23 
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22 S 40 X 
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10-469 

9 599 

f I .OSS 
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incomplete. 
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for K tiding they employ 615 icm in the year 1S79. 
rent ii not debited. 


be credited to the irrigation, apart from farming profit. 


Capital Expenditure on the Nine Sewage Farms until iS;8, in Pounds Sterling. 
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stream to dilute llic sewage in dry weather, and enable a part of 
the effluent water to be again used on the land. 

Drainage * — Parts of the land arc under-drained to a depth of 
fourto six feet, the drains being thirty to sixty feet apart. It appears 
doubtful whether more perfect drainage would not be advisable, 
for, after continuous wet weather, some of the farm land becomes 
flooded, and not only arc the crops spoilt, but the fertility of the 
soil is much deteriorated by the flooding. 

The Crops . — Crops of all sorts have been grown on this farm 
Mangolds have been tried, but apparently the soil is not well 
suited to them. The Potatos grown arc singularly free from 
disease : this may be due to good selection of varieties, to 
good management of the sewage, or to the use of gas-lime, with 
which the land is occasionally dressed- 

The crops of the year 1879 consisted of Potatos 57 J acres, Rye- 
grass 40 acres, Rhubarb ij acres, Cabbage plants \ acre. Total 
99 acres. (See Irrigated Crops.) 

Live Stock — Until recently a large number of cows were kept 
on the farm by a sub-tenant , but there was only one during the 
past year. Four horses arc also kept for farm cultivation. 

Health . — The report as to residents and labourers states that 
they have lived free from ill-heath and epidemic disease during 
the fifteen years. The effluent passing into the streams is satisfac- 
torily purified. 

2 — Bedford. 

General Statement . — The farm is held by five owners, to whom 
the Corporation of Bedford pays rent. Some of the land is liable 
to flooding from the Ouse. Irrigation is effected on 153-25 acres 
out of the 183 12 acres of farm. Half of the land is very unfertile 
but is hired at a rent about three times its just value for ordinary 
tillage, thus absorbing much of the fair profit from sewage farming. 

Capital sunk . — The details are given in the tabular statement. 

Sewerage . — The whole of the sewage of the Borough of Bed- 
ford is collected at the site of the pumping station, where the 
solids are screened by a grating, and a storm-overflow into the river 
used in times of flood. At other times the pumps lift the liquid 
sewage on to the farm to a height of 13 feet for 123 acres, and to 
21 feet for 30-25 acres, the pumping being carried on in the day- 
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time only. At night the sewage is stored in the sewers. The 
average weight of coal used daily is 21 cwt, and the average 
amountofsewagepumped daily is 152 000 cubic feet. The screened 
sewage is pumped through an 18-inch iron main-pipe, having a 
15-inch iron branch pipe leading to one part of the farm. The 
carriers are earthenware pipes 18 inches to 9 inches in diameter, 
laid in banks above the surface of the land The distributors arc 
earth-cut channels, ploughed or dug from time to time as 
required The screened solids are used on the land 

Dratiiage . — Only five acres are underdrained to a depth of 
three feet with 2-inch pipe-drains placed 60 feet apart ; the rest 
is drained by deep ditches round all the fields, dug as low as the 
outfall admits. 


Crops . — A large variety of crops, partly markct-gardcncrs’ r 
have been grown from 1875 to 1878 without very much fluctua- 
tion from year to year. The following is the acreage of each crop 
for the year 187S, and the average value of yield per acre 


Crop* io 187S. 

Acres 

Average 
\alue 
per Acre. 

V*lue of 
Crop. 

Italian Rye grass . 

24 

j£i 88 

£181 

Permanent pasture 

75 

6 37 

47 85 

Mangolds 

35*5 

13 G7 

485 25 

Swedes 


13 33 

3170 

Carrots 

85 

15 28 

129 87 

Parsnips 

«‘7S 

so- 

35 

I’otatos 

9 25 

le 81 

155 7G 

Onions . 

1663 

33-28 

553 31 

Wheat . 

iS- 

10 90 

197-17 

Oats 

17 

12-18 

212 20 

Beans . . 

3 S 7 

13 11 

50 

Spring Cabbage 

3' 

11-42 

3127 

Saxoys .... 

3 6 3 

1402 

50 65 

Cauliflowers .. 

3'3 7 

30-22 

101-99 

Kidney Beans 

025 

21-9G 

G-21 

Celery 

0 37 

3G- 

1350 

Cucumber . 

°5 

13-35 

G-G7 

Rhubarb 

0 13 

11-50 

143 

Asparagus 

0 ‘3 

5G- 

7 

I’ricklj Comfrc) 

025 

10 

250 

Currant Trees . 

05 

— 

— 

New Asparagus 

1*25 

— 

— 

Totil 

157 S« 

— 

2 009-52 
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A Meadow of 22 ! acres is also sublet at an annual rent of £*! III. 

The following remarks apply chiefly to the crops of the year 
1 879. — (See Irrigated Crops.) 

Rotation of cropping cannot be carried out regularly, on 
account of some part of the farm being liable to flooding ; but 
on part of the land the following is the rotation : — tut, rj e-grass 
for two years , 3rd year, mangolds; 4th year, cereals; 5th year, 
onions or potatos. 

Live Stock . — Six horses arc kept for farm work ; they arc fed in 
summer on ryc~grass, in the winter on beans, oats, chaff, carrots 
and mangolds. 

Health — The report of the health of the resident labourers 
and of the horses states that they arc particularly healthy, free 
from ill-health and epidemic disease. The condition of the effluent 
water is not reported 


3.— Gui&bokovgii. 

General Statement — The peculiarity of this undertaking coin 
sists in the attempt to purify the sewage of a borough of 5 300 
inhabitants on a small plot of 1 6 acres. The moti\c seems to ha\c 
been a charitable wish of a landowner to aid the borough in its 
difficulties. The result of the experiment after eight years has 
been fairly but not perfectly successful, as the effluent water 
is not thoroughly purified; yet in later years the landowner has 
not suffered any direct loss from the farming operation. 

Capital Account.— The expense per acre in preparing the land 
is very heavy. The capital is recovered by the annual profits and 
its interest by a permanent annual charge of 5 percent, interest 
separately ; the rent remaining fixed at the same rent that was 
charged before the sewage farm was established. The following 
table shows the gradual amortisation of the capital ; the decrease 
in value of the crops is due todiminished demand for farm produce, 
on account of the depression of the iron tiade in the district : — 
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1870 

Value of Crop 
per acre. 

Profit. 

Lo«. 

Unredeemed 

Capital. 

£1 691*58 

iS 7 r 

187 * 

. £11-25 

12 

^2*33 

17*17 

1 689*20 
. 1736 37 

*873 

17*07 

45 16 

... — 

.. 169121 

1874 

2130 

163 01 

— 

. 1 528-17 

>875 

2G32 

14054 

. — 

... 1 387-63 

1876 

19-95 .. 

50 31 

— 

.. 1337 32 

1877 

15*61 . 

8*17 

— 

: 1329-15 

1878 

16 25 

10 84 

• — 

. 1 318-31 


Total in 1878 

42044 

373*27 

47*17 

. 1318 31 


The valuation of stock in hand annually is included in the receipts 
for each crop. Though crops are not consumed on the land, a 
large portion of the produce is sold to the estate at a deprecia- 
tion, an arrangement that precludes some of the real profits from 
the accounts. 

The Sewage . — The sewage employed consists of the town refuse 
and simple sewage of 5 300 persons of Guisborough ; also the 
surface drainage and road drainage, and the water used by the 
town and the waste of the tanyards. The Waterworks supply 
daily 1 1 328 cubic feet of water, besides, well water is used. The 
daily average supply of sewage is not mentioned. A special out- 
fall-sewer of earthenware, 1 5 inches in diameter, branches off from 
the town sewer, 3 feet by 2 feet, above a small dam in it, and conveys 
the sewage to the head of the sewaged land. There are two storm 
overflows, one at each end of this outfall sewer, which discharge 
into a brook. The main sewage-carriers on the land arc two 12- 
inch earthenware pipes, laid in banks ; they bifurcate from the 
15-inch pipe The branch carriers arc 6-inch pipes, placed at dis- 
tances of 33 feet along the main carriers; but the distributing 
carriers arc earth-cut trenches formed new ly as the crop or the 
land may require. The soil is unfavourable to the filtration of 
sewage, and the effluent is impure. In winter five acres of fallow 
arc employed to receive and filter the whole of the scwage.which 
flows alternately for a week on each plot of si acres, during four 
months of the year. 
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Drainage. — The whole of the land is underd rained ; the main 
drains arc S inches by 6 inches in diameter ; the branch drains 
vary from 4" to 3" in diameter, and arc laid 5$ feet deep; the 
subsidiary drains arc about 5 feet deep, and arc laid 33 feet 
apart ; the whole arc puddled at the joints w ith clay. At one 
or two places where spring-water is met, the drains arc 15 feet 
apart. The shrinkage of this underdrained cla) cy land causes 
minute fissures, through which unpurified sewage may find it-* 
way into the drains at some seasons of the year. 

Crops , — Those of the year 1S79 consisted of — Rye-grass to 1 14 
acres; Turnips, Mangolds and Carrots 5 60 acres ; Rhubarb 031 
acres.— (See Irrigated Crops.) 

Health — The report of the health of the resident labourers i-» 
favourable ; there is no live stock on the farm , and no complaints 
have been made about the effluent, although tt is discoloured and 
impure. 

4 —Wrexham. 

General Statement. — The land is let on a lease of 19 years. 
It consists of 51 acres of pasture and 49-67 acres of arable land, 
the rest being occupied by roads and buildings. 

Capital Account. — Before the present tenant hired the farm, 
£400 had been spent in preparing the land and making a sewage 
carrier ; this amount is not included in the tabular statement, as 
it was virtually wasted. Settling tanks had been made at a cost 
of -£700. The present tenant then expended £935 of capital, 
which is being recovered by annual payments out of profit. At 
present, in 1879, there remained £792 as capital charge after five 
annual payments. The accounts are given for the years 1876, 
1877, 187S, each closing on 1st February of the year following. 

The valuation of stock includes £G70 for live stock, & c., sold 
to and held by the sub-tenant 

The Sewage. — The sewage of Wrexham flows into two settling 
tanks at the head of the farm ; the liquid matter flows on to the 
farm in earth-cut carriers, earthenware pipes being used only in a 
few cases. All liquid matter in excess of So 200 cubic feet daily, 
which is the wet weather supply, passes into a brook by storm 
overflow's. The solid matters are removed from the tank, drained, 
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thoroughly dried by an engine-driven fan, and sifted. It is then 
mostly made into artificial manure with bone dust and sulphate 
of ammonia, and sold, or is used direct on the land. About 300 
tons of dry sludge is annually removed from the tanks. 

Drainage . — About 4 acres arc underdrained with 8-inch and 
6-inch pipes, 6 feet deep and 120 feet apart. In wet places, isolated 
drains, constructed with d-inch, 4-inch and 3-inch pipes, are laid 
3 1 feet deep where required Very little surface-effluent passes 
off the farm , the effluent from the underdrafns is clear, and 
apparently very pure 

The Crops — The rotation is Rye-grass for three years, fourth 
year Cereals, fifth year Mangolds. The acreage of crops for 
1879 was: — 


Acres. 

Pasture • — Hay, grazing spring and autumn 34 

„ Grazing only 17 

Arable- — Italian Rye-grass 1675 

„ Black Tartarian Oats 1 1 

„ Barley 6 

„ Mangolds 6 'Si 

„ Swedes and Potatos : 3-60 

„ Market Garden 5 


100 16 

( See Irrigated Crops ) 

Live Stock . — At the time of inspection there were 26 cows in 
milk, three dry, six calves and one bull on the farm. The dairy 
stock is tied up all the w inter .and part of the summer. In the 
summer the cows arc fed "night and morning on rye-grass, and 
graze in the meadow ; in winter they arc fed on hay, mangolds, 
cabbage, maize, meal and grains. The calves arc invariably 
reared on skimmed milk and linseed. The average yield of milk 
is il gallons per cow per day ; it is sold in Wrexham at 2 d. per 
quart, though the usual retail price there is 3 d. per quart. 

Fourteen horses and ponies are kept on the farm, and in 
constant work at all seasons ; but are fed on rye-grass from May 
to November, and on rye-grass, meadow hay, home-grown oats 
and maize in the winter. About ten pigs arc kept ; they are fed 
on skimmed milk, garden stuff, maize-meal and swill. 

Health . — The resident labourers suffer from common catarrh 




IRRIGATION WITH SEWAGE 


71 


the sewer at a spot about a quarter of a mile from the outfall. 
In this way about 14 tons of lime arc added daily to the sewage 
as it flows. 

The subsidence treatment : there arc three large settling tanks, 
390 X 90 X 54 feet, at the outfall, into which the sewage first flows ; 
these arc used alternately for a fortnight while the sludge is 
removed. There are also 16 small settling tanks, each receiving 
one-sixteenth of the sewage coming from the large tank em- 
ployed. In these more sludge is deposited, and the effluent 
sewage is allowed to flow off from them on to the land. 

The sludge is differently treated as semi-fluid sludge, which is 
pumped up and pushed on to the land in elevated wooden 
troughs by men with poles ; and as heavy matter, consisting 
mostly of road-drift, which is removed with a steam-crane. 

About 500 tons of moist sludge arc raised daily, and 54 acres of 
land arc required for receiving it in a year. The whole farm 
has already received one dressing, and a part of it two dressings 
of moist sludge. The land is prepared for its reception by 
raising small embankments, and then dividing it into a series of 
small tanks ; after the sludge has consolidated in these, which 
takes a few' weeks, it forms a deposit about a foot deep, and then 
it is dug into the land to a depth of two feet. The operations of 
preparing the land and digging in the sludge cost £ 12 per acre, 
chargeable to the farm.whcn perfectly completed. The land is 
afterwards turned up with a steam plough every two years The 
sludge appears not to amalgamate with the soil, and remains a 
mass of worthless fibrous matter on the ground for at least two 
years The character of the soil, after the admixture, is altered, 
its absorbent properties being increased. 

Samples cf Sludge taken in August, 1S79. 

Moil! Sludge Consolidated 
from Ti ough. Sludge. 

Water 8060 47*6s 

Drj* matter ... . • • • • T 9*3 S S 2 -35 

Total too 100 

Samples cf Sludge taken in November, 1S79. 

Sludge from Sludge (toa Consolritfr! 
Lujr Tint. SoullTwU Sludge. 

86^05 87 *»3 6 3 9<> 

13*95 i-* s ? 36 ro 


Water ... 
Dry mailer 


Total . . 


100 


100 
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and coughs ; one ease of acute rheumatism. The children suffer 
from whooping-cough, mumps and measles ; there arc no other 
ailments. The cattle arc generally healthy ; there was a very 
mild outbreak of foot-and-mouth disease, and occasional eases of 
milk fever. The health of the horses is particularly good. The 
effluent water from the farm is pure and creates no nuisance, nor 
causes any ill-health or disease 

5 — Birmingham 

General Statement — Apparently a greater extent of land would 
be desirable for operations of this special class. The peculiarity 
here consists in the farm being actually a sludge-farm conducted 
on masses of town refuse The farm and sew age treatment arc both 
under a manager appointed by a District Drainage Hoard, who 
hold 16962 acres, in freehold and ic2 acres under lease The 
farm is situated between the Tame and the Rea, and is. liable to 
flooding 

Capital Account . — This includes £808 for embankment of the 
rivers ; no rent is charged against the farm for the freehold land; 
yet no abatement is made for the 54 acres of farm land occupied 
in sludge-working The rent chargeable for the whole is about 
its value to an ordinary farmer, as two adjoining farms arc let at 
£ 2 and £3 uj. per acre. 

The Sewage — The whole volume of sewage from the popula- 
tion, 450000 of the united district, is, in dry weather, about 
1924800 cubic feet daily; three-fourths of this are heated 
chemically and passed into the watercourses of the district ; only 
onc-fourth of it, or 481 200 cubic feet daily, flows on to the farm 
land. At the gauge-dam, which is 4 feet wide, the gauging was 
iol inches deep on 4th June, and 10 inches on nth August last 
year.; these showing flow of sewage to be daily rates of nearly 
one million cubic feet, and 930000 cubic feet. There are sewaged 
areas of .three classes : one part, 30 acres, receives the simple 
sewage; a second, of 20 acres, receives un precipitated sewage 
mixed with lime ; the remainder of the farm receives effluent 
sewage after subsidence in tanks, all in earth-cut surface 
carriers. 

As to the lime treatment : lime from Dudleyis ground in water 
with a mill, and the slaked lime flows direct from the mill into 
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the sewer at a spot about a quarter of a mile from the outfall. 
In this way about 14 tons of lime arc added daily to the sewage 
as it flows. 

The subsidence treatment : there are three large settling tanks, 
390 X 90 X feet, at the outfall, into which the sewage first flows ; 
these are used alternately for a fortnight while the sludge is 
removed There are also 16 small settling tanks, each receiving 
one-sixteenth of the sewage coming from the large tank em- 
ployed. In these more sludge is deposited, and the effluent 
sewage is allowed to flow off from them on to the land. 

The sludge is differently treated as semi-fluid sludge, which is 
pumped up and pushed on to the land in elevated wooden 
troughs by men with poles ; and as heavy matter, consisting 
mostly of road-drift, which is removed with a steam-crane. 

About 500 tons of moist sludge arc raised daily, and 54 acres of 
land are required for receiving it in a year. The whole farm 
has already received one dressing, and a part of it two dressings 
of moist sludge. The land is prepared for its reception by 
raising small embankments, and then dividing it into a scries of 
small tanks ; after the sludge has consolidated in these, which 
takes a few weeks, it forms a deposit about a foot deep, and then 
it is dug into the land to a depth of two feet. The operations of 
preparing the land and digging in the sludge cost ^12 per acre, 
chargeable to the farm -when perfectly completed. The land is 
afterwards turned up with a steam plough every two years. The 
sludge appears not to amalgamate with the soil, and remains a 
mass of worthless fibrous matter on the ground for at least two 
years The character of the soil, after the admixture, is altered, 
Its absorbent properties being increased. 

Samples of Sludge taken in August, 1S79. 

Moist Sludge Consolidated 
from Trough. Sludge. 

Water . - • So'6o 4 7 ‘65 

Dr}’ matter 19 'jS 5 2 -35 

Total . . ... 100 1 00 

Samples of Sludge taken in No\ ember, 1S79. 

Sludge from Sludfe Item Consolidated 
Large Tsok. Small Tank. Sludge. 

Water *<*>5 (, 3 90 

Dry nutter s 7 

Totil ... too too too 
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Analysis of air-dried Sludge of 29th September, 1876, t 
Dr. Wallace, City Analyst of Glasgow. 

Simile from large Sludge as duf 
Stilling Tank. inlothelind. 

Water .... 

12 70 . 

13-16 

Organic Matter 

19-19 

20 04 

Phosphoric Acid 

■40 

7= 

Sulphuric Acid 

**45 

*35 

Carbonic Acid 

7-62 

8-53 

Lime 

11-19 

1274 

Magnesia 

■90 . 

**37 

Oxide of Iron 

2 70 

3*20 

Alumina . ... 

2-68 . 

=*58 

Sand,&c. 

4***3 • • 

99 96 

37*93 

100*62 

Phosphate of Lime 

S 7 

**57 

Nitrogen 

•52 

*49 

Equal to Ammonia 

•63 ■ 

•Co 

Calculated value per ton 

lOr. 9 d. 

Ur. t>d. 


Dratnage . — About 197 acres of land is closely underdrained 
by drains 6 feet deep x 33 feet apart; in some places they are 
66 feet apart. The effluent at the outfalls appeared like spring 
water. 

The Crops , — No regular rotation of crops is observed, as much 
land is yearly sacrificed to sludge deposit. The crops most 
suitable are : 1st, Rye-grass ; 2nd, Mangolds ; 3rd, Cabbages 


while market Gardening appears 

least so. The 

cropping for the 

year 1879 was thus . — 





Acres. 


Acres. 

Rye-grass 

.. 68 

Potatos 

*°S 

Grass Land 

.. 26 

Kohl-rabi . 

8-5 

Wheat 

• 9 

Cabbage . . 

12 

Oats 

• is 

Peas 

4 

Barley 

.. 26 

Seeds 

7 

Mangold ... 

•• 2 5 

Rhubarb ... 

°*75 

Turnips 

.. 13-28 



Swedes 

• 7 5 

Total. 

2 <°'53P) 
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Besides — 

The land used for Sludge was 17 '5 

„ occupied by worts 18 68 

„ ,, Roads and Stream 25 90 

[See Irrigated Crops 62 08 

Live Stock . — There are 34 cows in milk, 10 feeding cows, 6 
yearling heifers and 1 bull. The cows are kept in full milk 
about six months, and are fed in summer on dry stuff twice 
a day and on green food thrice a day ; the food being rye-grass, 
cotton cake, and bean, oat, or maize meal When feeding on 
grass, each cow receives 2lbs of cotton cake and 4lbs. of meal. 
The dry' and barren cows are fattened on cut hay, linseed cake 
and bean meal In winter they are fed on brewer’s grains and 
meal steamed. The average yield of milk in the milking season 
is 2} gallons per cow daily; this is sold at 9 d. a gallon in 
summer and 9J d. in winter. 

In February, 1879, there were 42 ewes, which produced 72 
lambs in the year. They were pastured on rye-grass, and 
received cotton cake and kibbled maize ; they were sold fat after 
a year’s keeping. There were 45 pigs, which were fed on 
unsaleable vegetables steamed with sharps and pea-meal. There 
• were 9 working horses, 4 colts and a foal. 

Health — The report states that the men employed arc, as a 
rule, very healthy ; but two men engaged on tank work died. 

0 — Croydon. 

General Statement . — The principal features in this sewage- 
farm arc: 1st, that it is the oldest in England among those of 
modern times ;.2nd, that it is worked at a farming loss on account 
of the immense rent, rates, tithes and taxes though otherwise and 
under better control of the sewage, it might be made profitable * 
3rd, that an epidemic and diseases, formerly occurring in the 
neighbourhood, clearly traced to fouled sources of drinking supply 
contaminated by bad local drainage, distinct from that of the 
sewaged farm land, have given the sewage farm an undeserved 
bad reputation as regards health. 

In 1S57 the sewage of Croydon was applied to 15 acres of 
grass land. In tSGo the present farm v as rented by the Croydon 
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which is sold at one shilling per gallon. The condition of the ani- 
mals and their stabling admitted of improvement. Eighteen 
horses are kept on the farm The farm is also a grazing lair for 
cattle and horses at a weekly charge ; these greatly damage the 
herbage and spoil the ground, when moist. 

Health . — Since 1874 there has not been any epidemic, and the 
health of the residents and neighbours has been good. There 
was one ease of sickness of a man who attended the sewage 
extractors. The horses on this farm arc very subject to grease. 
The effluent from the farm is pure and docs not cause com- 
plaint 


7— DoN'CASTER. 

General Remarks — This farm was leased to the present 
manager after being partly laid out by the Corporation of 
Doncaster. 

Capital Account — The Corporation expended £1 500 in 
preparing land and in buildings ; the tenant completed these at 
a further expense of £G50. The pumping station and main sewer 
together cost £18 000. As to valuation of Stock, the tenant 
imested £4000 in working the farm, of this, £972 was paid as 
a valuation on entering, and £295 was afterwards expended in 
improvements, making the estimated valuation £1207. The 
farming capital invested is thus not much more than that 
required for an ordinary farm The ordinary rent of adjoining 
agricultural land is thirty shillings per acre, while the rent of 
this sewage farm is £3 per acre 

The Sezt’age , — The sewage of the town is collected at a low 
point in the town near the river Don, where it is raised 53 feet 
by pumps, at a yearly expense to the Corporation of about .£350. 
The following were the quantities pumped in the years 1S74 to 
1878 


1874 

1875 

1876 

1877 

1878 


Cubic feet 
Daily average 
... 94060 
••• 87 397 
... 96156 
... 87476 
... 90501 


Average through five years 91 358 
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At the pumping station there is a storm overflow into the 
river, which is occasionally used. The sewage is partially screened 
before pumping At night it is stored in a tank sewer, holding 
40 000 cubic feet , and the delivery on to the farm takes place 
only in the daytime. A 21-inch cast iron main, about two miles 
long, conveys the pumped sewage to a storage tank on the farm, 
which is now little used The sewage on arrival is usually 
distributed direct in earthenware pipe-carriers, 18 inches to 
9 inches in diameter, working under a small head ; these are in 
earthen banks or below ground, and supply earth -cut carriers, 
which conduct the sewage to the land 

Drainage . — The soil is light and very porous, absorbing large 
quantities of sewage. About 90 acres of the farm are under, 
drained, the drains being placed at distances apart varying from 
33 to 120 feet. Their depth in porous soil is 6 feet, in the 
loamy soil 4J feet There is no surface effluent, and at the time 
of inspection there wis hardly any drained effluent. 

A plot of S acres had been at one time prepared as a filter 
bed, being more closely drained ; but as it was not wanted as 
such it was afterwards cropped like the rest of the farm. This 
farm forms an excellent example of careful, cleanly and econo- 
mical working 

The Crops — The sewage is applied to various crops in the 
spring and summer, also in the winter to a few crops, but more 
largely to fallow land. The following arc the \olumcs and 
equivalent vertical depths of sewage applied to \arious crops in 
the year 1878: — 

Volume 

Cubic feet per acre 

Rye-grass 630 180 ... 

remanent Grass ... 171 4*3 • 

Mangolds *3« 347 ••• 

Beans 6 738 . . 

The rotation of cropping varies with the soil. 

For 3 ye*r«. 4th. yJs. 

On light land ... R) e-grass Roots Barley 

1st. 2nd. 3rd. 

On loamy soil ... Roots . Wheat .Seeds ... Wheat . . — 

On stiff soil Wheat . Clover. Wheat . . Bean* . Fallow 


Vertical depth. 
Feet pet acre. 
144 * 
3*7 
5’33 
0*16 
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covered, having a capacity of about So ooo cubic feet, the other 
open and of double that capacity ; at this site there arc also 
storm overflows into the river, and a pumping station. Here 
there is a pair of condensing beam engine^, with 36-inch 
cylinders, and a stroke of S feet ; each engine works a pair of 
single-acting pumps, 26 inches in diameter ; the pair of engines 
when in full work make 11 to 12 strokes per minute, the 
indicated pressure on the rising main was G5 lbs. to the square 
inch during inspection. The engines arc usually employed for 
10 hours daily. There is telegraphic communication from the 
pumping station to the farm. 

As far as possible all the sewage solids arc pumped with the 
liquid ; any solids that cannot pass, arc removed by manual 
labour, and arc disposed of by the Leamington Corporation. 

The lift is 132 feet , the iron rising main is 20 inches in 
diameter for the first half mile, and 18 inches for the remaining 
if miles to the farm. 

On the sewage farm arc two tanks at the ends of the delivery 
pipes, one a small brick tank which intercepts a small amount 
of the solids At the end of the branch delivery main there is 
a large open excavation for storing sewage, but this is now little 
used. After delivery, the sewage is in some eases conveyed in 
earthenware pipe carriers, but mostly in simple earth-cut trenches; 
the distribution is in earth-cut carriers. The quality of the 
sewage is good ; and the whole of the farm is capable of being 
irrigated by it. 

The quantity of sewage used annually, from 1st Januaiy in 
each year, is shown in detail in the following tables. 

The results, tabulated in cubic feet per acre, arc deduced from 
the tonnage of the original report, taking a ton at 3 5 ‘883 foot- 
weights, or cubic feet at the density of water : as the actual 
density of the liquid sewage is not mentioned. 
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During the Year 1872 . 

Nwrobtr 


Volume 

E r;r 

depth in 
feet. 

Average 

Crop. 

F«id! 

of water- 
ings. 

Acres. 

per acre in 
cubic feet. 

a water- 
ing. 

Italian Rye-grass 

64 

23 

10*46 

3*7 ”7 

7*28 

0*317 


35 

26 _ 

10*36 

36337 s 

8-34 

0*322 

Cabbage 

20 , 2 ! 

6 

641 

101 222 

2*32 

0*387 

Market-garden . . 

22 

2 

7‘79 

( 7)263 742 

(7)6-05 

0-303 

Mangold 

44 

9 

6*86 

"5 705 

2*66 

0295 

Italian Rye-grass.... 

65 

27 

10*82 

369 393 

8*48 

0-3*4 

Fallow for Beans.... 

54 

1 

9'43 

73 s 8 * 

i *68 

1*684 

Permanent Pasture. 

. C; 

5 


65 559 

r* 5 t 

o-393 

Italian Rye-grass..., 

27 , 2 S 

s 3 

17-36 

322 927 

74 » 

0*322 

Permanent Pasture 

JO, 4». 45. 63 , 46 
Fallow for 'Wheat ... 58,59 

3 

2 

4 r*oo 

20*10 

44 124 

32 5 21 

i*or 

o*75 

0 337 
o-373 




10 G 5 

1834 

99466 

'29877 

h 

1 

0*361 

0*331 

Mangold 

•5*» 53 

9 

2*98 

Rye grass after Wheat 48 

4 

11*23 

66 76 S 

■•53 

0*376 

Fallow 

• * 3» 7 * 

4 

2Q-39 

5$ 43° 

*34 

°’J35 

Seeds .. . 

• 47 

Jl 

j 0*20 

15 S 643 

3‘6 j 

o'jjr 

For Grass 

• 43 

4 

9-03 

64 185 

'•47 

0*368 




22 v 6 S 





TotJS«^l,.S; 3 . fcSl£ 

thewhcde. 

On 223*6$ acres 33163900 ... 13485© ... 3*10 

Supplied to farmer* ... 3134100... . — ... — 

Total pumped in 1 Sjs .. 33 59s 000 ... — ... — 
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GREAT BRITAIN. 


covered, having a capacity of about 80 ooo cubic fact, the other 
open and of double that capacity ; at this site there arc also 
storm overflows into the river, and a pumping station. Here 
there is a pair of condensing beam engines, with 36-inch 
cylinders, and a stroke of 8 feet ; each engine works a pair of 
single-acting pumps, 26 inches in diameter ; the pair of engines 
when in full work make n to 12 strokes per minute, the 
indicated pressure on the rising main was 65 lbs. to the square 
inch during inspection. The engines are usually employed for 
10 hours daily. There is telegraphic communication from the 
pumping station to the farm. 

As far as possible all the sewage solids arc pumped with the 
liquid ; any solids that cannot pass, arc removed by manual 
labour, and arc disposed of by the Leamington Corporation. 

The lift is 132 feet, the iron rising main is 20 inches in 
diameter for the first half mile, and 18 inches for the remaining 
1$ miles to the farm. 

On the sewage farm arc two tanks at the ends of the delivery 
pipes, one a small brick tank which intercepts a small amount 
of the solids At the end of the branch delivery main there is 
a large open excavation for storing sewage, but this is now little 
used. After delivery, the sewage is in some eases conveyed in 
earthenware pipe carriers, but mostly in simple earth-cut trenches; 
the distribution is in earth-cut carriers. The quality of the 
sewage is good ; and the whole or the farm is capable of being 
irrigated by it. 

The quantity of sewage used annually, from 1st January in 
each year, is shown in detail in the following tables. 

The results, tabulated in cubic feet per acre, arc deduced from 
the tonnage of the original report, taking a ton at 3S'8S3 foot- 
weights, or cubic feet at the density of water : as the actual 
density of the liquid sewage is not mentioned. 



IRRIGATION WITH SEWAGE. 
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During the Year tS?2- J 

Number 


Volume 

"sari 

depth in 
feet. | 

1 Awrsge 

Crop. 

No of j' 
Field. ( 

of water- 
ings. 

Acres- 

per acre in j 
cubic feet | 

a water- 
in B 

Italian Rye-grass 

64 

*3 

1046 

3*7 **7 

7-28 j 

^ 0 -317 

„ 

• 25 

26 

1036 

363 272 

S’34 

! 0-322 

Cabbage 

20, 21 

6 

6-4! 

101 222 | 

2^2 

| 0-387 

Market-garden 

. 22 

2 

7'7 9 

(?)z 63 742; 

P)6'°5 

0303 

Mangold 

44 

9 

6 86 

”5 705 | 

2-66 

0-295 

Italian Rye-grass 

. 65 J 

27 s 

\ jo 8s j 

369393 j 

8-48 | 

0*324 

Fallow for Beans 

■ 54 


943 

73 >s» 

1 68 

1-684 

Permanent Pasture.. 

. 67 

5 I 

<*s 

65 559 j 

i‘S* | 

0-303 

Italian Rye-grass 

. *7, >8 

n 

17-36 

322 927 

7-4. 

0-322 

Permanent Pasture 
5®» 4*» 4 St 
Fallow for Wheat . 

63, 46 
-58/59 i 

3 

2 

41*00 

ZO’IO 

| 

44 124 
32 521 | 

I -01 

°75| 

e- /O 
to r-. 

b b 



7 

10 65 

18-34 

99 466 | 
129877 


0 0 

(J ci 

0* Cv 

Mangold 

■5*. 53 

9 

2-98 

Kye-grass after Wheat 48 i 

4 

n-23 

66 76S | 

‘•S3 | 

0-376 

Fallow 

-13. 7i 

4 

2 °‘39 

58430 | 

,- 34 

°'335 

Seeds 

•• 47 

11 

10-20 

158642 

3 64 

o*33 « 

For Grass 

43 

4 

903 

64 185 

‘‘47 

0-368 




22V6S 





I>cjriVnf 

Total Scwe in i$?2. Cubic fcrt. CcUe feet de^h in 

ja ten. ten ever 
.the whole. 

On 2:3-68 acres 39 163900... 134850 ... yio 

Supplied to farmers ... 3 134 ico ... — 

Total pumped in 1872 ... 33298000.. ... ^ 



CHEAT BRITAIN. 


During the Year 1S7J 

Number 
of water- 
ing*. 

Acres 

Volume 
of sewage 
per acre in 
cubic feet. 

lent, 
depth in 
feet. 

Average 
depth of 
a water- 
ing. 

Crop. No. or 

Field. 

Cabbage . 24 

4 

5'33 

59 62S 

>’37 

0-342 

Seeds . . 44, 47 

7 

17-06 

107561 

=*47 

°’35 2 

Permanent Pasture 






4*i 45i 4<»i 67, 26 

1 

-9‘44 

27 090 

0-6= 

0 622 

Italian Rye-grass .. 43 

16 

875 

2t4 820 

4 '93 

0-308 

Mangold 58, 59 

3 

20-09 

5* 403 

1*18 

°‘393 

Market-garden ... . 13 

7 

12-66 

101 293 

*'33 

°"335 

It. Rye-grass part of 27, 28 

=4 

1 3 00 

349 *7° 

S02 

°"334 

Savoys part of 27, 28 

=3 

0-76 

4430 170 

10 17 

0-442 

Italian Rye-grass ... 48 

3° 

1 1 -23 

514 866 

11 82 

°*394 

Fallow 69 

1 

9*5= 

»3°*3 

0-30 

0-299 

Italian R) e-grass ... 25 

JS 

10-36 

5^7560 

IS" 11 

°'S I 9 

.. ,1 • • 54 

8 

9*43 

115 702 

266 

0-335 

43 

35 

9‘°3 

4S7 200 

ii’iS 

0-320 

Fallow 13 

4 

1266 

66 600 

r 53 

0-382 

Stubble 65 

7 

10 82 

92 480 

=■.= 

°"3°7 

Cabbage 22 

1 

779 

11396 

0-26 

0-262 


1*87-93 





Total Sewage in 1873. 

Cubic feet. 

Cubic feet 
per acre. 

Equivalent 
depth in 
feet over 

On 187*93 acres 

33 990 000 

... 180863 

the whole. 

... 4 -*S 

Supplied to farmers 

12 351 000 . 

... — 

... — 

Total pumped in 1873... 

46*341 000 

. . — 

... — 



IRRIGATION WITH SEWAGE. 




During the Year 1S74. 

Number 


Volume 
of sewage 
per acre in 
cubic feet. 

Equiva- 

lent 

depth in 

Average 

Crop. No. or 

Field 

or water 
sags. 

Acres. 

a water, 
ing. 

Cabbage aj, 28 

3 

’3'7 6 

40 791 

0 '94 

0-312 

Tallow 64 


10*46 

61 087 

j‘40 

0*351 

Italian Rye-grass, pt 21, 22 

5 

14-08 

84 353 

1*94 

“■38? 

Barley tallow 24 

1 

5'33 

26 693 

o"6i 

0-613 

Cabbage fallow 27, 28 

7 

1376 

96 6ll 

2*22 

0-317 

Seeds ......20 & part of 21 

2 2 

6 i oo 

324 507 

7-45 

o-33« 

Italian Rye-crass, pt of 41 

37 

9 02 

2SOfiS2 

575 

0 213 

» .. 25 

29 

io‘35 

409 98O 

9‘4 1 

0-324 

Mangold 65, 66 

7 

21-48 

-lOG 128 

2 '44 

0-348 

,1 part of 43 

33 

9-02 

483 287 

11*89 

0-360 

Italian Rye-grass ... 54 

33 

1 

9 '43 

453 187 

10-40 

0-315 

Parsnips & Carrots . 64 

10-46 

I6676 

0-38 

0-382 

Perm. Pasture... 41, 45) 46 

2 

15-36 

41 4J0 

o-95 

0-475 

Italian Rye-grass ... 48 

33 

xr-23 

349 383 

7-56 

0*329 

» »> - 13 

22 

12-54 

309 63O 

7-1 1 

0-323 

Turnips 20,. a i, 22 

Second crop of Catr- 


4-00 

50 101 

ri 5 

1*150 

bage 27 28 

Rye-grass after Cab- 

7 

1376 

99850 

2*29 

0-327 

bage 27, 28 

5 

1376 

64 921 

x'49 

0-298 

Italian Rye-grass ... 42 

21 

sis 

275 982 

<5*34 

0-302 

„ 4 47 

Second crop of Cab- 

4 

10*20 

50 *23 

** S 

0 288 

bage 25 

3 

10-35 

42623 

0 98 

0-326 

Italian R} e-grass ... 24 

9 

5 33 

127 200 

2-g 2 

o-373 

Permanent Pasture 67 

2 

io-oo 

6 614 

°‘ I 5 

0-075 

Stubble 58, 59 

l 

20-09 

27*-55 

24 608 

0-56 

0-585 


Total Sewage in 1874. 

Cubic feet. 

Cubic feet 
per acre. 

Equivalent 
depth in 
feet over 
the whole 

On 272-55 acres 

39 3*9 000 • 

144 300 

- 3*31 

Supplied to fanners 

. 7 734 100 

— 

... — 

Total pumped in 1874 . 

. 47063100 

- 

. ■ — 
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During the Year 1S75. j 

Number 
nf water- 
ings. 

Acres. 

Volume 
of sewage 1 
per acre in 
cubic feet. 

Equua- 

lent 

depth in 
feet. 

Average 
depth of 
a w ater- 
ing. 

Crop. 

No. of ' 
Held. 1 

Italian Rye-grass, part of 13 ( 

18 

S 'S4 

245 022 I 

5-C-- 

0-JI2 

Cabbage part ol 13 j 

*7 

1 

4 ’oo 

=88 733 

663 

0*390 

Italian Rj e-grass, 







20, : 

: r, 22 

35 

M‘19 

458550 

io*53 

0301 



*4 

49 

5*33 

987450 

22*67 

0*462 

Cabbage 

25 

M 

10-36 

121 6 22 

279 

0*189 

Italian Rye-grass ... : 

17, 28 

42 

>376 

988 380 

2 2 '69 

0*545 

Mangold . . 49, 55 

&s« 

4 I 

5 00 

5= 783 

far 

0*303 

Italian Rye-grass ... 

47 

36 

10*20 

585 636 

13’44 

0373 

„ 

54 

25 

9 43 

375 707 

S63 

0345 

Cabbage, Straw- 







berries, Rhubarb 

64 

4 

8*47 

87417 

**55 

“'3S7 

Fallow fur Mangold 


2 ! 

10 82 | 

30 431 

o' 70 

°’349 

Seeds 

72 

3 

9'47 

^ 52 6l6 

I 21 

0*403 

Permanent Pasture, 







41, 45, 46, 5°, 6 7 ! 

7 1 

37 ” j 

64 4 J2 

t '48 

0‘21I 

Fallow for Mangold 42, 43 

*3 i 

14 02 

34684 

7*96 

0*346 




160*70 





Equivalent 

Total Sewage in 1875. Cubic feet Cubic feet depth in 

peraere. feet over 
(he whofe. 

On 16070 acres .. . 44751000 ...27S290... 6-39 

Supplied to farmer 3 ... 7378600 ... — .. 

Total pumped in 1875 .. 52099600 ... — ... — 



IK It IGA TION WITH SC I VA GC. K> 


During the Year 1S76. 1 

Number! 


Volume 
t>f sewage 
per acre in 
cubic feet. 

lent 

depth Id 
feet. 

Average 
depth of 
a water- 
ing. 

— ... In! water-' 

Crop - jar 1 "p- ! 

Acres 

Italian Rye-grass . . 23 1 

3 1 

| '<>'37 

439687 

10 09 

0-326 

„ „ ... 42 

47 

6-85 

597463 

1 3 ‘ 7 2 

0-292 

1, „ . . 27, 28 1 

47 

'376 

643775 , 

14-78 

0-3I4 

m! 

56 

5*33 

758 >6 S 1 

17-41 

0-311 

>, „ 22 1 

21 

7-79 

277447 

6*37 

0-303 

Seeds ... 61 | 

22 

I3‘1J 

310580 

7' 1 3 

0-324 

Fallow 60 

20 

10-36 

36122 

0-83 

0-041 

„ 20,21 

6 

6 43 ( 

99657 

2*29 ^ 

0381 

„ part of 13 

3 

4*00 

54 444 

1-25 1 

C416 




*7 77 

24510 

0-56 

0*281 

Cabbage 25 

7 

10-36 

joi 867 

2’34 

0-334 

Term Pasture 41. 45, 46, 67 

8 

26-21 

107299 

2-46 

1 0*308 

,, „ • • 30, 4 1 

r 7 

12*1 1 

249 983 

574 

o*337 

Mangold, Strawberry 
and Rhubarb 64 

*4 

10-46 

*93 211 

4*44 

03 1 7 

Bean Fallow • 54 

3 

9’43 

44639 

1 02 

°'34 I 

Mangold 20, 21 , 

11 

6-41 

184 186 

4’23 

0-384 

Italian Rye grass, part of 13 1 

6 

8'54 

86258 

1-98 

0-330 

Rye grass after Wheat 48 ] 

7 

II -2 1 

102759 

2-36 

0*337 

Grass Fallow 22 

9 

779 

12472G 

2-86 

0-318 



197'4!) 

1 




Total Sewage in i8;5. 


Cubic feet. 


Cubic feet 
per acre. 


Equivalent 
depth in 
feet over 
the whole. 


On 197 45 acres 42 569 700... 2 15 593 ... 4*95 

Supplied to farmers 10 552 200... — ... 


Total pumped tn 1S76.. 53 12* 900... 
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During the Ycir 1875. 

Crop. No. of 

Field 

Italian Ryc-grass, part of 13 

Cabbage part oi 13 

Italian R)C-gra$% 

so, 21, 22 

• •• 24 


Cabbage 

=5 

Italian Rye-grass . 27 

,38 

Mangold .. 49, 55 &5 6 

Italian Rye- grass ... 

47 


54 

Cabbage, Straw- 
berries, 5: Rhubarb 

64 

Fallow fur Mangold 

65 

Seeds 

7= 


Permanent Pasture, 

4*. 45. 46, 50. 67 

Fallow for Mangold 42, 43 


Total Sewage in 1S75, 


On 160*70 acres ... 
Supplied to farmers 
Total pumped in 1875 


u 1 


Volume 

Equita* 

Average 

»! water* 

Acre*. ] 

of sewage 
per acre in 

lent 

Jepthin 

depth of 
a water- 



| cubic feet. 

feet. 

ing 

iS 

S'S4 

24S “ = 

5*62 

0*312 

*7 

4 '00 

288 733 

663 

0*390 

35 

•4**9 

4S S 5=° 

>°'53 

0*301 

49 

5*33 

9S7 450 

22-67 

0*462 

'4 

| '“'3 6 

121 622 

279 

0*189 

4* 

'3'7<> 

98S 380 

22*69 ; 

o*54S 

4 

5 ‘00 

52763 

1*21 

0*303 

36 I 

10*20 | 

585 636 

*3*44 

o*373 

25 1 

,■43 

375 707 

i 863 

o*345 

4 

S-47 j 

67417 

**55 

03S7 

4 

IO 82 

1 3° 43' 

0*70 

o*349 

3 

| 

9*47 

52 6l6 

1*21 

0*403 

7 

37*** 

l 64432 

1*48 

0*211 

23 

14*02 | 

34 6S4 

7*96 

0*3 16 


160*70 j 





Cubic fcet. 


. 44 721 000 

... 7 378 6oo 

... 52 099 600 


Equivalent 

Cubic feet depth in 

per acre. feet over 

the whole. 


...278290 ... 6-39 




IRRIGATION WITH SEWAGE. 


85 


During the Year 1876. 1 

S'umbcr 
f water- 
ings. 

Acres 

Volume 
of sewage 
pci acre m 
cubic feet. 

Equiva- 

lent 

depth in 
feet. 

Average 
depth of 
a water- 
ing. 

1 

Crop. No. ol 

Field. 

Italian Rye-grass ... 23 

31 

JO’37 

439 687 

10 09 

0*326 

„ .. 4 = 

47 

685 

597 4&3 

1372 

0*292 

„ „ . .27,28 

47 

1376 

6 4S1IS 

14*78 

0*314 

t. » • - *4 

56 

5 ’33 

75S 165 

17 41 

0*311 

„ „ . 22 

21 

779 

277447 

6*37 

0703 

Seeds . . 61 

22 

12*27 

3IO58O 

7**3 

0*324 

Fallow 60 

20 

10*36 

36 122 

0*83 

0*041 

21 

6 

6 43 

99652 

2*29 

0381 

„ part of 13 

3 

4*00 

54 444 

*’25 

0*416 

„ 42,43 

2 

17 77 

24510 

0*56 

0 281 

Cabbage 25 

7 

10*36 

101 867 

2-34 

0-334 

Perm Pasture 41, 45, 46, 67 

8 

26 21 

107 299 

2*46 

0*308 

„ » ... 3°.4» 

17 

12*1 1 

449983 

574 

0*337 

Mangold, Strawberry 






and Rhubarb 64 

M 

IO 46 

193211 

4‘44 

0*317 

Bean Fallow 54 

3 

9’43 

44639 

I 03 

o- 34 * 

Mangold 20, 21 

11 

6*41 

184186 

4*23 

=■384 

Italian Rye grass, part of 13 

6 

8 54 

86 258 

1*98 

0-330 

Rye grass after lVheat 48 

7 

1 1*2 I 

102759 

2*36 

o -337 

Grass Fallow 22 

9 

779 

124726 

2*86 

0-318 



*97*45 





Total Sewage id 1S7S. 

On 197*45 acres 

Supplied to farmers 

Total pumped in 1S76... 


Cubic feet 
Cubic feet per acre. 

42 569 70Q... 215593 — 
10 553 200 .. — 

53 i2x 900... — 


Equivalent 

depth is 
feet over 
the whole. 

4*95 
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GREAT BRITAlX. 


During the Yea^ 1877. ' 



Volume 

Ej.lv.. 

Average 

C,op. 

No of 
Field. 

of water- 
ing*. 

Acres. 

of sewage 
per acre in 
cubic feet. 

depth 

feet- 

a water- 
ing. 

Italian Rye-gTass (7 

4 i, 4 S» 
46, 67, 
44 






acres) and Perma- 
nent Pasture (26 
acres), together in 

I" 

33 ' 00 

395 417 

9 oS 

03*3 

Italian Rye-grass ... 

42 

26 

S'oo 

3 S 3 357 

8 So 

°' 33 8 

11 » • ... 

=3 

=7 

8*50 

396 737 

9 '" 

0-337 

„ ,, 22. and 

J 3 

3 <> 

4 00 

524 SSo 

12 05 

o -334 

part of 21 

ItaLRj e-grass, Straw- 

*4 

8*oo 

206 050 

473 

<>•338 

bemes & Rhubarb 
Fallow for Oats, 20 

64 

18 

10 46 

247 434 

5-68 

0*316 

and part of 2 1 

20 

Too 

288 340 

662 

o- 33 » 

Mangold ... 

. . 24 

*5 

5 08 

=18358 

5 ox 

0 334 

Cabbage part of 43 

5 

4-25 

I 37 9 °> 

317 

? 0-633 

„ . part of 27&2S 

4 

5 5 ° 

61 856 

142 

0 355 

Mangold .. 24, pt. of 278:28 

r 3 

* 4"34 

2=4 127 

5 -i 5 

0-399 



29 

23 

7*oo 

too 722 

6-90 

0-300 

Tumips partof27&2S 

2 

3 00 

37 474 

o-86 

0-430 

Italian Rye-grass 

4 8 

32 

1X23 

458970 

xo -54 

0-329 

Savoys part of 48 

2 

2*00 

38987 

0-90 

0*448 

Fallow for Tumips 58, 59 

5 

20*00 

75 354 

x'73 

0-349 

Italian Rye-grass .. 


5 

IO OO 

37977 

o-86 

o-i 73 

ParsnipsandCabbage 

25 

2 

10*36 

39 028 

0-90 

0-448 

part of 43 

JO 

5 02 

321 663 

7-38 

0738 

Permanent Pasture 50 

4 

10-90 

57 610 

1-32 


Fallow for Tumips 54 

4 

9 43 

X 97 ‘o 7 

66 590 

■■53 

0-382 


Equivalent 

Total Sewage in 1877, Cable ta. ££££* 

. the whole. 


On 197*07 acres. 47 158000... 239297 ... 5*49 

Supplied to fanners 6817800... — ... — 

Total pumped in 1877 ... 53975800... — ... — 



IRRIGATION WITH SEWAGE, 


During the Year 

1S7S. 

Nuniber 

1 Volume 

derth 

In feet. 

Aunc' 

Crop. 

No. of ' 
Field. 

it>gs. 

Acre*. 1 

1 per icrein 
| cubic feet 

dej’th r f 

• 

Irg. 

Italian Rye-grass . 

« 

6 

1 

6 56 84501 

*'9l 

°'3 2 3 

,, 

• • 2 3 

2 9 

10 '37 407413 

9'35 

°"323 

„ 

• 2 5 

3* 

>0*36 429 703 

9*86 

0*318 

Mangold . .. 

27, 28 

21 

*3'7 6 296 580 

6*8i 

0-324 

Italian Rye-grass 

• 42 

11 

875 148115 

3*40 

0*309 

11 11 

. . 48 

21 

11 22 30>3°5 

6 92 

0-329 

Cabbage 

.. 44 

*7 

6'86 215 785 

4 95 

0-291 

Italian Rye-grass 

«s 

20 

10 82 266 046 

6*n 

°‘3 0 S 

Cabbage and Italian 13 





Rye-grass 


11 

1266 162840 

3 74 

°'34o 

Oat Fallow . ... 

24 

9 

3 33 122380 

2 8r 

0-312 

Potatos & Savoys 

...20, 21 

6 

64* 82 212 

1 89 

0 3*4 

Perm. Pasture 41, 

45> 46, 67 

7 

26 21 IOI 243 

2 32 

°'332 

Mangold 

54 

21 

9 43 29 6 040 

680 

0*324 

Fallow 

•5i. 53 

2 

*9 0° 39 745 

0*91 

0*456 

Italian Rye-grass 

• - =4 

7 

5 33 105643 

243 

0346 




161*07 




- . . Equivalent 

Total Sewage in 1878. Cubic fat. gfSlS 

the whole. 


On 161*07 acres 3209S200 . 199 2S1 . 4*575 

Supplied to farmers iB 703 500 — — 

Total pumped in 1 S 78 . 50801700 ... ... — 



GREAT I! RITA IN. 


«8 


Drainage , — The land is mostly drained, the stiff land at a 
depth of 4 feet with drains 40 feet apart, and the light land at 5 
feet deep with drains 60 feet apart. There is no surface effluent, 
and the drainage effluent is comparatively small in amount. 

The Crops . — These are given in detail in the Sewage Tables 
for the years 1872 to 187S inclusive, with the amount of sewage 
applied to each crop. These volumes vary : probably in accord- 
ance with the soil as well as with the crop; hence also the 
following abstracts arc given for the same fields, which can 
be conveniently compared. 


Aesiract of Yearly Supply of Liquid Sewage to various 
Crops on the svme Field. 


Crops. 


Field No. 13 : 12 66 acres 

1872 Fallow 

1873 Market Garden 

1874 Rye-grass 
f Rye-grass . 

( Cabbage . . 
f Rye-grass 
1 Fallow 


teei 


* S 7S { 

■ 8,6 { 

1877 Rye-grass 

i878i Rye ' grass 
,S?b ) Cabbage . 


4 | 1 34 
7 2*33 

22 7 *> 
jB 562 
17 I 6*63 
6 1 98 
3* >-25 
36 ^1205 

” | 3 74 


Field No. 22 : 779 acres. 


1872 

Market Garden . 


6-05 


Cabbage 

1 1 1 

0-26 

1874 

Rye-grass .. . 

5 

1-94 

*S7S 

„ 

35 , 

ro‘53 

X876 

Grass Fallow 

' 9 

2-86 

IS?? 

Rye-grass . ... 

. 14 ! 

473 

1878 

11 

. 6 

* 94 


Field No. 24 : 5 33 acres. 

1873 Cabbage 4 

1874 Barley Fallow ... 1 

187s Rye-grass .. .. 49 

1876 „ 56 

1877 Mangold 15 

_ f Oat Fallow 9 

1 78 (R) e-grass 7 


0 a 

». c S"3 
Crnns X S 2.ST 

ES 

& JS* 

Peel* 

Field No. 25- 10-36 acres. 

1872 Ryegrass . • • 26 S*34 


. 38 '1? n 
=9 . 94* 


1S73 

1874 

„ 2nd Crop, Cab- 
bage 3 ' 

1875 Cabbage . 

1876 

1877 Rye-grass 

1S78 „ - • • 3* 1 9 86 

Fields Nos. 27 and 2S; 13-76 acres. 

1872 Rye-grass ... 23 , 7-41 

1873 „ . . 24 8-09 

1874 Cabbage Fallow. 7 

1875 Rye-grass ... 42 

1876 „ ... - 47 

1877 Mixed Crops, various 

187S Mangold 21 

Fields Nos. 41, 45 and 46: 19-36 

acres. 

x*ox 
0*62 
0-95 
1.48 
2-46 
9*oS 
2*32 


0-98 
*4 I 2 79 
7 1 = '34 
D 90 


'22*62 

I47S 

6 Sx 


*‘37 

1872 Perm. Pasture ... 3 

o’6r 

1873 „ „ — t 

22-67 

1874 „ „ ... 2 

1741 

*875 » » • ■ 1 

501 

1876 „ „ ... 8 

2 8r 

1877 >, »> — 2 9 

2-43 

1878 „ „ ... 7 
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Abstract of Yearly SurrLY of Liquid Sewage —continued. 

o 6 f- 

v.E ^ 

Crops. •“ C _ 


° £ 
v £ 


Feet. 

Field No. 67 : 6*85 acres. 

1873 to 1878. 

Permanent Pasture with watering 
similar to fields 41, 45 & 46. 

Field No. 48 * 11*23 acres 

1872 Rye-grass after 

Wheat . .. 4 1 ‘S3 

1873 Rye-grass . 30 11-82 

'874 » • • 23 756 

1875 Wheat . . - • ° — 

1876 R) e-grass after 

Wheat . 7 2 36 

1877 „ 32 1054 

1878 „ 21 692 

Field No. 54 9-43 acres 

1872 Bean Fallow . 1 | 1 68 

1873 R)e-gra c s 8 2 66 

>874 „ 33 10 4 C 

,s 75 .» =5 I 863 

1876 Bean Fallow . 3 ! 1*02 

1877 Turnip Fallow 4 1 53 

1878 Mangold 21 ! 6 8c 




Field No. 64 . 10-46 acres. 


1872 

R> e-grass . 23 

7-28 

1873 

Not Irrigated. . — 

c Parsnips and 


1874 

^ Carrots 1 

038 

l Fallow 4 

1 -40 

1875 

Cabbage, Straw- 
berries, and 



Rhubarb 4 

1 ’55 

1876 

Mangold, Straw- 
berries, and 



Rhubarb 4 

4'44 

1877 

Rye-grass, Straw- 
berries, and 



Rhubarb . 18 

568 

Field No. 65 10 82 acres 

1872 

Rye-grass 27 

848 


Stubble 7 

2 12 


Mangold 7 

2 44 

•875 

Mangold Fallow 2 

0 7 ° 

1876 

(None) — 

— 

,877 

Rye-grass 5 

0 85 

1878 

Rye-grass 20 

6 - i r 


The cropping for 1879 

was as 

Acres. 

follows : — 

Acres 

Italian Rye-grass 

49'23 

Potatos 

... 4' 

Pasture 

86-59 

Oats ... 

- 18 03 

Seeds 

16-64 

Barley 

18-50 

Mangolds .. ... 

23-96 

Wheat . . 

.. 6872 

Carrots 

2 75 

Cabbage 

6- 

Parsnips 

685 

Beans . . 

45-56 

Turnips 

{See Irrigated Crops.) 

23-90 

Rhubarb 

0-50 

Lire S/ock. — Cattle, sheep, horses and pigs- 



of Liquii 
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Health . — The health of the residents and persons in the neigh- 
bourhood has been exceptionally good ; there has not been any 
complaint of nuisance or effluvia, nor any fever of illness 
attributable to the farm or its produce. The horses arc not 
subject to grease; the cattle and sheep arc healthy. The 
drained effluent is small and unobjectionable. 

Accounts . — The following is an abstract from the accounts of 
Leamington Sewage Farm for the three years 1876, 1877, 1878 : — 


Income ntOM xst January »n each Year. 



.s 7 6. 

lS 77- 

>S 7 S. 


£ 

£ 

£ 

Valuation at end of Year 

8157 

8 3GG 

8 299 

Received for irrigating adjoining land 

GO 

49 

40 

Improvements charged to Capital . 

100 

75 

213 

Sale of Wheat 

489 

902 

801 

„ Barley 

— 

101 

132 

„ Oats ... 

30 

45 

26 

„ Mangolds 

91 

90 

61 

„ Turnips 

38 

— 

— 

„ Carrots and Parsnips 

50 

— 

— 

„ Potatos 

85 




„ Cabbage 

84 

225 


„ Beans . • • 

25 

18 

11 

„ Rhubarb 

10 

10 



„ Grass 

814 

484 

426 

„ Hay and Straw 

GG5 

512 

384 

Provender for estate horses, game, &c. 

803 

753 

626 

„ „ carriage horses 

316 

371 

261 

Sale of Cattle .. 

1927 

20S4 

218G 

„ Sheep 

522 

648 

673 

». Pigs 

93 

64 

67 

„ Horses 

371 

118 

34 

„ Milk 

1177 

1352 

1541 

„ Wool... 

127 

147 

173 

Grass keep 

161 

67 

43 

Horse hire 

103 

146 

177 

Use of horses, steam-engine, 8:c. 

174 

33 



Miscellaneous 

12 

48 

3 


16 494 

16 713 

16477 
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Expenditure from ist January in r.\cu Year. 



1876. 

iS77- 

1S78 


£ 

I £ 

£ 

Valuation at beginning of Year 

7 C81 

8 157 

8 30G 

Rent 

1 309 

1 430 

1 430 

Rates, Taxes and Insurance . . 

227 

158 

190 

Veterinary, Blacksmith and Harness 

146 

110 

120 

Implements purchased and repaired 

92 

102 

108 

Provender 

1121 

1432 

97G 

Artificial Manure 

92 

158 

82 

Management, Wages and Beer 

1988 

2 018 

2 035 

Live Stock — 


1375 



1415 

1458 

Sheep 

80 

103 

50 

Pigs 

• — 

3 

— 

Horses 

150 

111 

30 

Seed— 




Wheat 

09 

57 

66 

Barley 

15 

22 

21 

Oats 

41 

21 

30 

Mangold 

24 

— 

— 

Potatos 

90 

60 

40 

Beans 

48 

— 

— 

Grass 

123 

126 

123 

Railway Bills . 

9 

10 

8 

Coal ... 

51 

39 

47 

Drain pipes, Ashes, &c. 

58 

17 

6 

Steam Cultivation 

9 

— 


Repairs to Buildings, Roads, &c , and Paint 

8 

2 

2 

New Buildings 

— 

— 

181 

General Expenses 

30 

26 

23 

Miscellaneous... 

G9 

129 

117 

Wages paid for Agricultural Society... 

30 

— 


Leamington Corporation, for Sewage 

450 

450 

450 

Balance, Profit 


507 

478 


16 494 

16 713 

16 477 
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9.— Reading. 

General Statement . — The farm-land consists of 638 acres out 
of 770 purchased by the Corporation of Reading for j£80 800 in- 
clusive of all compensation. It consists of 350 acres of pasture, 
325 arable, and 13 let in allotments. At the time of inspection 
76 ‘o 6 acres were ready for irrigation, and 54 acres more were 
under preparation for it. The drainage of Reading is from 40000 
persons ; but of this amount only that from 33 000 persons is 
conveyed to the farm. The soil is porous, and well suited to 
the object, but the land is liable to be flooded to the extent of 
350 acres. 

Capital Account — Apart from the sum of ^80 300 expended 
in farm land and compensation, the site of the pumping station 
cost .£804 ; the rest of the details are given in the tabular state- 
ment, the whole amounting to £44 948, in which is included the 
sum of£5 001 spent on farm buildings, farm engines and cottages. 

The Scivage , — This is collected and screened at a pumping 
station in the town, on the banks of the Ken nett, where is also a 
storm water overflow’. The waterpower of the river drives two 
turbines out of three, which work four single-acting force-pumps, 
18 inches diameter, of maximum stroke 30 inches 

Steam-power is used when the river is in flood. There is a pair 
of horizontal high-pressure condensing engines, each having a 
cylinder 24 inches in diameter, and 42 inches stroke ; these drive a 
pair of plunger pumps 30 inches in diameter, of 36 inches stroke. 

The sewage is pumped during 1 1 hours in the daytime to a 
lift of 43 feet ; at night it accumulates in two receiving tanks 
and in the outfall sewer. The pumping of the sewage, which 
varies between 80000 and 128 000 cubic feet daily, in addition to 
the cleansing and flushing of the sewers, costs, on an average of 
two years, £731 annually. 

The sewage is conveyed from the pumping station to the farm, 
a distance of 243 miles, partly in a 24-inch cast-iron main, i’55 
miles long, w'hich discharges into a 36-inch brick culvert o’S6 
miles long; on arrival at the farm the sewage is conveyed in 
earthenware pipes as main carriers below the surface, and dis- 
tributed on the surface of the land in earth-cut carriers. 
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Drainage . — The sewaged land is under-drained in some parts 
4 feet deep, with drains 30 feet apart, in others 15 feet apart ; but 
over the greater part they arc 60 feet apart An area set apart 
for filtration was completely waterlogged. 

The Craps . — The following table gives the cropping for the 
year 1879 : — 


Acres. 


R)e-grass 

• 5i- 

Mangolds (irrigated) ... . 

• • • 3 ,, 7S 

„ (not irrigated)... 

T 

Wheat 

3 1 5 

Oats 

. . 96- 

Cabbages (irrigated) 

8 

Beans 

• 38- 

263 25 


Lind under preparation for Sewage 140* 

Grass-land 271 7 S 

Let in allotments 13' 


688 

(For account of the condition of the crops, see Irrigated 
Crops.) 

Live Stock — There were 257 head of cattle on the farm, 
of which 8 1 were cows in milk The cows are fed in summer 
on rye-grass, also receiving some fine pollards, and in winter 
on cut hay, mangolds, fine and coarse pollards, and occasionally 
.some crushed oats These yield, on an average, two gallons of 
milk per head daily throughout the year The milk sells in 
Reading at 10 d per gallon, and in London at 20 d., 1 &/, and 
IGrf. per barn gallon. 

There are 19 horses, mostly of French breed, kept on the 
farm, for farm work and cartage. 

Health . — Measles and whooping-cough, also then prevalent in 
Reading, appeared on the farm in winter and spring The resi- 
dents arc otherwise healthy ; the sewage irrigation appears not 
to be prejudicial to health in any way. The cattle arc healthy. 
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English Sewage Irrigation. 

Conclusions . — From the preceding accounts and statistics, as 
well as from professional experience and personal observation, 
certain conclusions arc inevitable. 

1. That frccal matter is most advantageously and economi- 
cally disposed in application to farm land. 

2. That an excess of waste water, especially cold spring 
water, causes ruin to farm crops, and spoils the land itself. 

3 That town refuse, as precipitated sludge, is comparatively 
useless on farm land ; and can only be utilised in any way under 
specially favourable conditions. 

4. That road-grit can be advantageously employed on farms, 
merely when the farm soil is such as requires any such mixture. 

5. That factory refuse may be applicable only under certain 
conditions ; so also mineral refuse 

Hence the need of separation and subsidence, whenever useless 
matter enters largely into the composition of the refuse of a 
town It cannot be reasonably expected that a sewage farm 
must purify town refuse t of all sorts under all conditions, as 
asserted by Dr. Frankland A farm can, however, almost always 
utilise moist effluent or flowing sewage after subsidence of the 
very heavy solids, provided the liquid is not in excess of re- 
quirements. As for the rest, much is utterly valueless, and 
should then be burnt or carbonised — a very economic process 
of disposal ; while any utilising process may be adopted for 
the extraction and employment of useful matter of any sort in 
the residue. 

Granting that a sewage farm shall only receive the sewage 
it requires, it will, under good management, yield a well-purified 
effluent water for discharge into the natural water-courses ; and, 
in this respect, afford greater economy than any other method. 
As for the farming profits, they will depend on the rent, tithes 
taxes, &c., being fair, and the farm management being skilful ; 
thus corresponding to farming of other sorts. 

It is, however, absurd to expect any such farm to pay for the 
sewage or for the lifting it to any height; or for any special flood- 
preventive works ; as the capital expended in preparing the land 
for irrigation, and in drainage works, is necessarily high. On 



tie cT- .-t n; a. ;?n «irc*i pay the farmer for tic purircaiion 
he effects ; if sty panr*. :« to be made. 

A pin from r.'.'ir sewage irrigarim of firm land, there arc two 
special processes :c:’J nr; retire. i< they cc".«:*t in sewage irri- 
gation pressed to the tiro extremes. One i< sludge- farming, the 
other is altering «ewzge cn small plots of land. 

The former has been pro^tably carried crjt at Birmingham for 
several years imdervery careful management; it seems however, 
a disgusting method, as well as a needles one ; and it is not yet 
known bow long it can be continued without eventually spoiling 
the land for all purposes. 

The latter has been well effected in certain favourable cases, 
such as at Merthyr Tydvil, where a patch of gra\ clly soil hap- 
pened to be v«>' conveniently situated for the purpose ; but it is 
not a mode generally applicable. 

In both of these cases the matter, both inert and fertilising, is 
continually applied to a soil, but mo-t of it is allowed to remain 
there unutilised, as the crops, if any, cannot a^imilate so large an 
amount The corresponding case occurs in flooded lands, where 
the crops are ruined from the excess of moirturc that they cannot 
imbibe. 

As to filtration, «e arc all aware that there are limits to the 
purifying power of any filter used for a long time, whether small 
or large ; and that a filter con* j« ting of some acres of land 
cannot be easily cleansed v> as to entirely renew its functions. 
Such an expedient cannot be lasting ; although periods of inter- 
mittent action greatly defer the inevitable future cessation of 
efficiency. 

As also chemical processes for obtaining a pure effluent arc 
p costly and inefficient, farming with effluent and suitable sewage 
remains the only sure and economic method. '[ he principle has 
been, under certain limits, adopted in India and China forages 
past ; as well as in Northumbria for a very long lime i although 
on a large scale it is still comparatively a novelty In JCurop? 
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IRRIGATED CROPS. 

The following short accounts of crops, irrigated with sewage, 
have been condensed from those given in the report of judges 
appointed by the Royal Agricultural Society of England to 
adjudicate prizes in the sewage farm competition of 1879 and 
1 S80. Those judges were Messrs. Latham, Read, and Thursficld ; 
of whom the two latter were agricultural experts. 

To those unacquainted with English agricultural technicalities, 
many of the expressions used, such as “ clean,” “ middling,” and 
“ fair," may appear very vague ; but in their special applications 
these have distinct technical meanings, conveying definite 
impressions to those trained to them. 

.The division of the sewage farms into two classes — 

I. Small farms less than 200 acres, 

II. Large farms from 200 to 800 acres, 
is followed here, in the same order as in the section treating of 
their irrigation, where the rotation of crops is given for each case 
Small. Sludge Finn. Large Farm*. 

1. Aldershot 5 Birmingham 6. Croydon 

2. Bedford 7. Doncaster 

3. Guisborough 8. I^amington 

4. Wrexham 9. Reading 

The order of the crops is generally thus : — 1st, Forage ; 
2nd, Roots ; 3rd, Cereals ; 4th, Market Garden and special crops. 

SMALL FARMS. 

1. Aldershot. 

The crops grown arc Rye grass, Potatos, and Rhubarb. 

Rye-grass. — This crop stands from one to two years, and is 
cut four, five, or six times a year. Two to three bushels to the 
acre of home-grown seed are sown in September or October, 
following potatos, after grubbing and cleaning the soil. The 
Rye-grass is sold to cowkeepers and forage contractors ; it is 
generally sold on the land, but is sometimes made into hay ; in 
the spring it is sold by the acre The second crop of the year 
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is selected for seed growing : from four to six quarters of seed 
are obtained per acre, and at the same time onc-and-a-half to 
two tons per acre of rye-grass hay are made. The land is then 
ploughed for a following potato crop. 

Pot at os . — The special variety, chosen by Mr. Blackburn as 
most suitable, is imported direct from America : they grow with 
little haulm, and do not suffer from disease. But several sorts, 
early and late, arc grown so as to keep the sale in constant 
succession. In preparing the land, a skim-coulter attached to 
the plough is used to turn the Rye-grass completely over. The 
land is dressed with 3 to 4 cwt of superphosphate of lime 
per acre. About 12 cwt. of seed potatos are planted in an 
acre. They are planted on ridges which are 26 inches apart, at 
distances of 12 inches; they are not irrigated during, growth, 
but depend on previous irrigation and manure ploughed into the 
soil.'* The crop is usually sold on the ground. 

Rhubarb . — This crop is grown for three years, when the 
selected roots are re-divided After deep trenching and manur- 
ing, the young plants are placed at distances of three feet. 
They receive liquid sewage during growth : in winter they arc 
protected with stable litter. The crop is sold for market up to 
1st June, after then it is sold for wine manufacture. Pulling 
ceases in August. 


2. Bedford. 

A large variety of crops arc grown • — Rye-grass, Roots, 
Cereals, and Market Garden. 

Rye-grass . — This crop stands for two years, and is sown 
cither in the autumn or the spring as preferred. The district 
being always well provided with green food, the sale of this 
produce is at very low prices. The absence of !i\c stock on 
this farm for consuming the produce is a serious defect in the 
arrangement, which will soon be remedied 

Potatos . — The land is well manured before this crop, which is 
not irrigated during the growth The sorts preferred are the 
early Ashleaf and the Magnum Bonum. They arc planted on 
the flat, at distances of is to iS inches apart according to the 
variety, the rows being iS to 30 inches apart. The crops were 
splendid, and free from all disease — seven acres yielding 30 tons* 
11 
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IRRIGATED CROPS. 

The following short accounts of crops, irrigated with sewage, 
have been condensed from those given in the report of judges 
appointed by the Royal Agricultural Society of England to 
adjudicate prizes in the sewage farm competition of i879and 
1 880. Those judges were Messrs. Latham, Read, and Thursfield ; 
of whom the two latter were agricultural experts. 

To those unacquainted with English agricultural technicalities, 
many of the expressions used, such as “ clean," “ middling," and 
“ fair," may appear very vague ; but in their special applications 
these have distinct technical meanings, conveying definite 
impressions to those trained to them. 

_ -The division of the sewage farms into two classes — 

I. Small farms less than 200 acres, 

II. Large farms from 200 to 800 acres, 

is followed here, in the same order as in the section treating of 
their irrigation, where the rotation of crops is given for each case 
Small. Sludge Firm. Large Farms. 

1. Aldershot 5. Birmingham 6. Croydon 

2. Bedford 7. Doncaster 

3. Guisborough 8. Leamington 

4. Wrexham 9. Reading 

The order of the crops is generally thus : — 1st, Forage ; 
2nd, Roots ; 3rd, Cereals ; 4th, Market Garden and special crops. 

SMALL FARMS. 

1. Aldershot. 

The crops grown are Ryegrass, Potatos, and Rhubarb. 

Rye-grass . — This crop stands from one to two years, and is 
cut four, five, or six times a year. Two to three bushels to the 
acre of home-grown seed are sown in September or October, 
following potatos, after grubbing and cleaning the soil. The 
Rye-grass is sold to cowkeepers and forage contractors; it Is 
generally sold on the land, but is sometimes made into hay ; in 
the spring it is sold by the acre The second crop of the year 
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Monally receives sewage. The two following require special 
notice. 

Celery . — This is found one of the best of the sewaged crops 
grown. The trenches arc well sewaged before planting; during 
growth the sewage is applied between the rows, and the plants 
benefit greatly from frequent dressings. 

Prickly Cotnfrey . — This is grown for horse fodder. The roots 
were planted in March, set 24 inches apart each way, and three 
cuttings were taken in that year. The crop had been con- 
tinuously flooded with sewage for three weeks in succession, and 
had benefited from it It seemed impossible to damage this 
plant with sewage irrigation. 

3. Guisbrougii. 

The crops consisted of Rye-grass and Common Grass, Roots 
and Rhubarb 

Rye-grass . — This crop stands for two years, and gives four 
cuttings yearly Generally one half of it is ploughed up every 
year to be followed by roots. Three bushels of seed are sown 
per acre, and it is not sewaged always in the winter In 187 5 
the first year’s grass realised £19 per acre, the second years’ 
grass £33 per acre ; the whole averaging £2G per acre , in 1S76 
the average was £17 10r. ; in 1S78 .£15 15 j. per acre. 

The other grass land is used for purifying sewage in irrigation, 
wh cn not required for crops 

Mangolds . — The crops here grown on sewaged areas and 
irrigated during growth arc vastly superior to the ordinary farm 
Mangolds of the neighbourhood. The seed is drilled in rows 
on the flat 2 feet apart, the plants 1 foot apart The crop 
of 1S7S was drilled on the 13th of May, and did not run to seed, 
as in many other places on sewage farms The crop realised 
£23 10s. per acre. 

Swedes — This crop rccches very little sewage during growth 
The crop of 1 S/S ran to seed, and only realised £11 per acre. 

Carrels — The crop of tSjrS was sown very late, on the 12th 
of May. Eight pounds of seed per acre are drilled. The rows 
on the flat are I S inches apart, the plants 4 inches apart The 
crop realised £20 per acre. 
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Mangolds .— These also arc planted on the flat (tins usual mode 
at Bedford, being preferred there for even distribution of sewage); 
they arc drilled in rows 26 inches apart, and arc hoed out to 
12 inches between plants. Five pounds of seed arc sown per 
acre. They arc irrigated during growth : one field sewaged in 
the winter was capital. The early-sown Mangolds, both here and 
on other farms, have run to seed. 

Swedes . — A small quantity has been grown but not sewaged. 
Three pounds of seed per acre is drilled in rows 24 inches 
apart, the roots are then hoed out to 12 inches between plants. 

Carrots. — These are not sewaged during growth. They arc 
drilled in rows 12 inches apart, the plants arc at distances of 
4 to 6 inches. The crop sold for jfflG lOr. per acre, though 
it did not appear a very good one. 

Parsnips . — These were a very fine crop Seven pounds ofteed 
per acre is drilled ; the rows arc 12 inches apart, the plants 
8 to IO inches apart. 

Onions . — Sewage is applied to the land before sowing, but not 
to the crop during growth. Eight to ten pounds of seed per 
acre is sown, according to the land and tiifie of sowing. The 
rows are 8 inches apart, the drills 4 to 6 inches. The 
cost of cleaning this crop is about £5 lOr. per acre. The Onions 
are thinned out during the second cleaning. The crop was very 
fair for the season, excepting in places where water lodged. 

Wheat . — This crop had followed Potatos. Red Browick is 
the variety grown. It was level, heavy and good. It had not 
been sewaged during growth. 

Oats . — These were sown on land in which Parsnips and Man- 
golds had grown the year before. White Polish were the sort 
grown, they were not sewaged during growth ; but were a very 
good and heavy crop, better on the land following the sewaged 
Mangolds than on that following the unsewaged Parsnips. 

Barley . — This crop followed Mangolds on land sewaged after 
removal. It was a heavy crop. 

Market Garden Crops . — The Rhubarb was grown on land that 
was seldom sewaged. The Cabbages were a good crop, con- 
sidering the severe winter. Cauliflowers answer well on this 
farm. Lettuces and Asparagus were grown on land that occa- 
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Barley. — This is grown on land manured with sewage sludge. 
The crop of 1879 followed Turnips ; it was sown on 18th April 
at the rate of two-and-a-half bushels of seed per acre, on poor 
land. In the early part of the season it did not look well, but 
in the end it turned out a very good crop. 

Oats. — This crop follows heavily-sewaged Rye-grass. Scotch 
Black Tartarian is the sort grown : the sowing at thrcc-and-a-half 
bushels per acre. The crop of 1879 was sown on 4th April, 
and seemed a remarkable crop, looking well. In a former year 
oats yielded 78 measures of 46 pounds each per acre. 

Martel Garden. — This land receives farm -yard manure ; most 
of the crops planted on ridges are irrigated with sewage to 
receive the water. Cabbages, Celery and Rhubarb are otherwise 
treated, as they take a considerable quantity of sewage. 

' 5. Birmingham Sludge Farm. 

The circumstances under which portions of this land are 
annually set apart for receiving a deposit of sludge have been 
explained in the section on Irrigation. Though this is a great 
drawback to the farming, crops of all sorts are grown. 

Rye-grass. — This crop stands here for two years, and receives 
much sewage during growth. Three bushels of seed per acre 
are sown. Much of the grass of the last two years was made 
into hay, as there was little demand for it otherwise. 

Potatos — The land was twice prepared with sludge, but the 
crop was not sewaged during growth Early Rose and Patterson’s 
Victoria arc the sorts used the ridges 24 inches apart and the 
plants 10 inches distant 

Mangolds. — Several varieties arc grown , six pounds of seed 
to the acre arc drilled. The crop is irrigated once a fortnight 
The average yield of 1S78 was 63 tons per acre. 

Kcld Rabi. — This crop has been very* successfully grown here 
three pounds of seed arc used per acre It is drilled in ridges 
like Mangolds, but is watered with sewage in dry weather only 

SrveJes and Early Tumt/'S. — These crops were less fortunate, 
having run to seed. 

Cereals. — Of these, Oats were the most prosperous. In tS^S 
1 1 acres of Black Tartarian Oats yielded 120 bushels of com and 
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Rhubarb . — This crop is scwagcd. The roots arc planted 
4 feet apart. The right of pulling the crop is sold at the 
rate of Ad. per root for the season. This crop realised at 
about £48 per acre ; but in more prosperous times, as in 1875, 
it has been sold at ^ 132 . 


4. Wrexham 

The crops arc Rye-grass, Permanent Grass, Roots, Cereals 
and Market Garden crops. 

Rye-grass . — This crop here stands for three years, giving four 
cuttings the first year, six or seven cuttings the second year, and 
four or five the third year ; the average of the whole grown in 
three years weighs about 40 tons annually per acre. The seed is 
usually sown aboutthc 1st of April, at the rate of two bushels per 
acre, and the first cutting from it is taken in July. It is copiously 
irrigated with sewage after every cutting of grass. It generally 
realises Od per cwt. Unsuccessful attempts have been made 
with a Gibbs’ Drying Cylinder to make good hay from it. 

Permanent Grass — This grass land received very copious 
supplies of sewage through the winter, but was not damaged by 
the excessive amount ; after having been grazed until 27th May 
it gave a very good hay crop, and was grazed again in the 
autumn. The meadow reserved specially for grazing is only 
occasionally irrigated. 

Potatos — Sewage and manure are applied to the land ; but 
sewage is not used during the growth of the crop. Champions 
are the best sort tried. Those of 1879 were an excellent crop. 

Mangolds . — The crop receives four or five waterings of 
sewage during growth. Long Red is the favourite variety here ; 
six pounds of seed per acre are used. It is grown on ridges 
27 inches apart, and hoed out to 12 inches between plants. The 
yield per acie is 30 to 4 6 tons ; they keep well for a long time 
in the damp. The crop seen was sown on the 3rd of May and was 
a very good one — the best, on the whole, of all seen during the 
inspection of farms. 

Wheat . — This is occasionally grown here after a Rye-grass 
crop instead of Oats. Schole’s square-headed Wheat is the 
variety preferred. Three bushels of seed per acre are used. 
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7. Doncaster, 

The crops grown here arc of all sorts, including fruit shrubs ; 
in fact they are those of an ordinary farm, on account of there 
not being much local demand for Rye-grass. 

Rye-grass , — This crop stands two years for cutting, and the 
third for grazing. It is sown in the spring with a Corn crop, at 
the rate of two bushels of seed per acre. On the light soil it 
will take enormous quantities of sewage ; in the year 1S7S a 
field of 14 acres received an amount represented by a depth of 
nearly 14J feet; this crop was cut for the first time in May 1879, 
yielding 10 to 12 tons per acre, which sold at 9d. per cwt The 
crop was probably cut four times in that year. 

Grass Land — This is irrigated once or twice in the winter, and 
produces a large amount of summer food, on which the cows 
and young stock thrive. This pasture carries double the stock 
of ordinary grass land. 

Mixed Seeds . — This is grown for grazing on some very poor 
land, which is irrigated. 

Potatos . — These are grown here only in small quantities ; they 
make much haulm, and are not irrigated during growth. 

Mangolds . — The soil here is not suited to this crop ; but they 
arc grown and irrigated. They arc sold by auction in October 
and realise .£18 to £ 25 per acre 

Swedes . — This crop was the best seen on any of the sewage 
farms, and promised to be a heavy crop It had followed Rye- 
grass that had stood for three years, the last crop having been 
grazed by sheep. Two pounds of seed per acre were drilled on 
the flat, 21 inches distant, and the plants were 10 inches apart in 
the drills. The hand-hoeing cost 8x. per acre : namely, 5r. per 
acre for chopping out and singling, and 3 j. for hoeing a second 
time. The crop was by no means free from couch grass. It was 
occasionally irrigated with sewage. The Swedes arc sold by 
auction at the end of October, and realise .£10 to jC 18 per acre. 

White Tumifs . — This crop succeeds Rye, which is grazed by 
sheep. T wo pounds of seed arc sown per acre, but the crop is 
not directly irrigated with sewage. There is a good local demand 
for this crop. The ungrazed yield is sold.to con keepers at 
IS* per ton. 
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2 tons of straw per acre. The crop is drilled 6 inches 
apart, three bushels of seed are used per acre. The Wheat and 
Barley arc also drilled ; the crop of Browick Red was good but 
late ; the Barley was not so promising. 

Vetches and Peas . — These crops arc grown, but arc not watered 
with sewage during growth. 

Cabbages v — These arc grown on the flat, and watered with 
sewage. The crop realises about ,£*10 per acre. 

LARGE FARMS 

6. Croydon. 

Crops of all sorts arc grown here, chiefly Rye-grass, Permanent 
Grass and Roots ; also Market Garden crops. 

Rye-grass. — This crop stands for three years and is regularly 
watered with sewage. It is sown either in spring or in autumn 
with three bushels of seed per acic. 

Mangolds. — Various kinds arc grown, but the Yellow Inter- 
mediate is the favourite here. The crop of x 878 was of good 
quality; but that of 1879 had been sown early, was injured 
by the water-logged condition of the land, and was very foul, 
presenting an unhealthy appearance. 

Parsnips. — Are grown here but not treated with sewage. 

Cereals. — Wheat and Oats have been grown ; one field of Oats 
was a grand crop. These are not treated with sewage. 

Market Garden — Cabbages are very largely grown here ; 
also Savoys and Coleworts. On some parts of the farm they are 
watered with sewage, in other parts not. Broccoli was grown 
on land that had not been irrigated for several years. Sage, 
Parsley and Vegetable Marrow are not watered. 

Rhubarb — This crop is largely grown here, but, contrary to 
usual practice on sewage farms, it is not irrigated. 

Celery. — This crop is treated with sewage. It is grown from 
plants reared in frames on the farm, and is planted in rows 
6 feet apart, the plants 7 inches distant ; it is gradually 
banked as the plants grow. 

Osiers. — Are grown in damp positions on one or two plots. 
French and Brown Willows are the varieties preferred ; the sets 
are planted 2 feet by feet apart each way. 
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7. Doncaster. 

The crops grown here are of all sorts, including fruit shrubs ; 
in fact they are those of an ordinary farm, on account of there 
not being much local demand for Rye-grass. 

Rye-grass . — This crop stands two years for cutting, and the 
third for grazing. It is sown in the spring with a Com crop, at 
the rate of two bushels of seed per acre On the light soil it 
will take enormous quantities of sewage, in the year 1878a 
field of 14 acres received an amount represented by a depth of 
nearly I4i feet; this crop was cut for the first time in May 1879, 
yielding 10 to 12 tons per acre, which sold at Od. per cwt The 
crop was probably cut four times in that year. 

Grass Land . — This Is irrigated once or twice in the winter, and 
produces a large amount of summer food, on which the cows 
and young stock thrive. This pasture carries double the stock 
of ordinary grass land. 

Mixed Seeds . — This is grown for grazing on some very poor 
land, which is irrigated. 

Pot at os . — These are grown here only in small quantities ; they 
make much haulm, and are not irrigated during growth. 

Mangolds . — The soil here is not suited to this crop ; but they 
arc grown and irrigated. They arc sold by auction in October 
and realise ,£18 to .£25 per acre. 

Swedes . — This crop was the best seen on any of the sewage 
farms, and promised to be a heavy crop. It had followed Rye- 
grass that had stood for three years, the last crop having been 
grazed by sheep. Two pounds of seed per acre were drilled on 
the flat, 21 inches distant, and the plants were 10 inches apart in 
the drills. The hand-hocing cost 8 j per acre : namely, 5 j. per 
acre for chopping out and singling, and 3r. for hoeing a second 
time. The crop was by no means free from couch grass. It was 
occasionally irrigated with sewage. The Swedes arc sold by 
auction at the end of October, and realise £10 to £18 per acre. 

White Turnips . — This crop succeeds Rye, which is grazed by 
sheep. Two pounds of seed arc sown per acre, but the crop is 
not directly irrigated with sewage. There is a good local demand 
for this crop. The ungrazed yield is sold to cowkecpcrs at 
IS s per ton. 
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Cereals . — These were not irrigated during growth ; but they 
contrasted markedly with those on adjoining lands that had not 
been treated with sewage The Scotch Brown Wheat was a very 
heavy crop, and in some places lodged. Ten pecks of seed per acre 
were drilled. The Barley crop was drilled after Wheat with 
12 pecks of seed per acre : it looked very well, and some of it 
was on light sandy land that had been treated with sewage. The 
Rye crop looked very well : 8 pecks of seed per acre had been 
drilled on a field of light land, and irrigated with sewage to keep 
off ground game. Clover and other grass seeds had been planted 
in the Rye. Potato-oats arc also grown on this farm ; 16 pecks 
of seed per acre are drilled. 

Peas and Beans (Spring) — Neither of these crops are watered 
with sewage during growth ; but the land is prepared before 
sowing with sewage They were both fair crops for the season. 

Osiers — Long Skin Hards arc grown on the low-lying flat land , 
they are planted in rows 27 inches apart, the sets being 12 inches 
distant in the rows. 


8. Leamington. 

Crops of all sorts can be grown here, which is managed as an 
ordinary farm ; the irrigation with sewage being treated as an 
adjunct, rather than as a commanding feature, in the management 
of the crops. 

Rye -grass . — This crop receives enormous quantities of sewage 
during growth (see section on Irrigation). It is not allowed to 
stand longer than two years ; about 25 acres are sown every 
year at the rate of three bushels of seed per acre, usually in the 
autumn. A crop grown in September, 1877, was cut eight times 
in 1878, and twice in 1879; it was then ploughed up. The land 
was pressed, sewaged, and sown on the flat broadcast with 
Turnips and Swedes on the 1 5th of June, 1879 > these looked well 
and promising during the visit in August. In 1878 the cutting 
of Rye-grass commenced on 2nd February. In 1879 it commenced 
on 7th April, having been sown in September, 1878. The first 
cutting yielded 4 tons per acre of green grass ; the second, on 
the 4th of June, yielded 16 tons of grass per acre ; the third, on 
8th July, 14 tons ; the fourth, on 14th of August, 8 tons ; the 
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fifth, on 1 2th September, 6 tons; the sixth, on* 6th October, 
5 tons ; the seventh, in November, 2 tons per acre. Rye- 
grass is occasionally made into hay; in that ease it is carted to 
the meadows to finish drying. An experiment of seeding a 
field of Rye-grass with to pounds per acre of Trefoil did not 
succeed. 

Seeds . — These are usually sown with the Straw crops. Clover 
is occasionally irrigated moderately in dry seasons. 

Potatos . — The varieties grown were Myatt’s Early Rose and 
Victoria. They are planted in drills 24 to 26 inches apart and 
12 inches from plant to plant in the rows The crop of 1879 was 
planted on gth April, and succeeded Rye-grass that had been cut 
four times the year before. It was then watered with sewage 
broken up, and sown at the end of July with Turnips, which were 
grazed by sheep. The crop of 1879 was not so good as usual 
This year the crop has been sold at £ 17 10 j. per acre, the buyer 
taking all risk and raising the crop. 

Mangolds . — This crop is here largely grown It is drilled on 
the flat, the drills being 26 inches distant, and the plants are hoed 
out in the rows to 10 inches distance Irrigation with sewage 
does not commence till the plants begin to bulb In 1S78 this 
crop received 21 waterings of sewage while under cultivation, 
which were equivalent to an irrigating depth of 61 feet, in addi- 
tion to the rainfall The Mangolds of 1878, when examined 
in the spring of 1879 were found good and sound, but not equal 
in weight and bulk to those grown on the Reading sewage farm 
One field of mangolds was poor and stunted, but on the higher 
and light land they were a capital crop, in all cases clean, and 
the plants regular but late. 

Turnips and Swedes . — These usually follow a Straw crop of 
cither Wheat, Barley or Oats ; occasionally greentop Turnips are 
cultivated after Rye-grass ; these arc sown broadcast at three 
pounds per acre, and grazed by sheep. Swedes arc moderately 
irrigated with sewage; they arc drilled on the flat with two 
pounds of seed per acre, the rows 16 inches apart, and the plants 
arc hoed out to 9 inches apart in the row s. 

Parsnips and Carrots . — These crops succeed, either directly or 
after two years, some heavily savaged crop, either the second 
year’s Rye-grass or Cabbage, they are grown on the lc\-cl, but are 
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yield of Yellow Globe Mangolds in 1S7S was 4S tons per acre, 
but these were grown on arable land after Wheat, and not 
treated with sewage. The crop of Long Red Mangolds in 
1S7S was marvellous; their yield per acre was 118 tons with 
tops, and 92 tons without them. They kept well and were 
sound and good to the last in May, 1S79. They are largely 
consumed on the farm ; but some were sold the year before at 
17-r. per ton in the field, or 20 j. per ton delivered at Reading. 

Cabbages . — These are grown on ridges 3 feet apart, the plants 
1 \ to 3 feet distant, according to variety. They were grown 
on irrigated land in 187S, but owing to the water-logged state* 
of the land, and the severe frost, the crop was destroyed. 

Cereals . — These are here grown on land not prepared with 
sewage, under the ordinary course of husbandry. 
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ANALYSIS OF WATER. 


Ill 


Composition of Upland Surface-water from Uncultivated Soil and 


Noy-cALCARFous Strata (Expressed in Parts per Million), 
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Composition of Upland Surface-water, && — continued. 


Surface-Waters. 
Stratum and Locality. 
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ANALYSIS OF WATER. 
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Composition or Water Before and After Purification. 


Results of Analysis expressed in Parts per Million. 
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ao'o 

lO 6j 2-Si 

1 . 
r 

i 

rS6 

iO‘S 


• No SuldJence nreron 


t 1’rubaUy now uloejjned u po'Jjtcd ly 15 J min arc. 
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Comparative Composition of Water, &c . — continued. 


London Water. 

January and February, 

1873 * 

1 

1 

| 

•3 2 

H 

fli 

O 1 

£ . 
|f 

O 

Ammonia. 

Nitrites and 
Nitrates. 

Chlorine. 

Unfiltcred Thames Water 

24G‘o 

* 9*4 

1-29 

0*23 

| 0 1 

1*88 

iG‘o 

Thames Water Filtered through 








Fresh Animal Charcoal 

1940 

I5 ' 2 | 

0*29 

0 oyj 

0*13 

1*94 

1 6*o 


The results of analyses of Thames water before and after 
passing through various filtering mediums, and filters, which 
were undertaken by experts at the Health Exhibition, Kensing- 
ton, in 1884, are not yet available. But Spencer’s Magnetic 
Carbide has been declared the most effective medium. There 
has always been much difficulty in procuring the material. 




ANALYSIS OF WATER. 


Composition of Potable Waters. 

Results of Analysis expressed in Parts per Million. 




Dissolved Matters. 

Water of Streams. 

£ 

S J g & 
53 o| 

1 

< 

I s 

Combined 

Nitrogen. 

Chlorine. 

The Ness, at Loch Ness, 8 March, 1872 

33 

3' 6 jo 55j° ° 2 j 

0 

“57 S s 

„ Inverness „ „ . .. 

32 

3 5 |° 44! 0 °i, 

0 

045 9 5 

The Dee, above Balmoral, 9 March, 1S72 

>5 

> 3 P 14 

0 1 

0 

0 14 5'° 

The Gelderburn, above Balmoral, 9 March, 1872 

20 

20019 

I 0 I 

0 

O I 9 3 ‘5 

The Don, below Alford, 11 March, 1872 .. . . 

57 

ri 0*20 0 OI 

0 

O 27 12*0 

The Tay, above Dunkeld, 15 Sept., 1S70 .. . . 

29 

2*7 0*13 

0 

0 

0*13 6 8 

The Tay, above Perth, 15 Sept , 1870 

34 

3 9 |o*2ljO 02| 

0 

0 23 6-8 

ThcSouth Esk.at Glad house Mill, 16 July, 1871 

99 

6 S |o 52 

0 04 

0 

o'55 9° 

The Tala, near its source, 3 April, 1S71 

29 

o*8 |o 08 


0 

o'oS 6 7 

The Megget, at S. Mary Loch, 20 June, 1871 ... 

42 

4*1 |o 20,0 oij 

0 

o'2i 70 

The Ettnck, above Selkirk, 2 April, 187° 

62 

1*8 0 15 

° 

o' 2 3 0-381 bo 

The Ilenot, near its source, 1 April, iS7t ... . 

73 

ro 015 

° 

0 

P*i5 »9 

The Slitng, above Ilawtck, 1 April, 1870 .. 

147 

r 6 o*i2 

0 

039 051. 84 

The Tweed, above Kelso, 4 April, 1S70 

*>9 

16015 

0'02 0 590 76 12 O 

The Eh an, above Mines, 22 July, 1870 

43 

09 0-15 

0 01 

0 

0 16' J5 

The Le'cn, below Loch Lomond , 23 July, 1S70 

35 

1 9 0 27 

003I 

0 

0 29 9 0 

Water of Storage Works 






Berwick water supply, 4 April, 1S70 

Dumbarton ,, ... 

335 

not 

1. 5 0 3s \ 
give n 

0 037 Sg's 133S0 

III 

Dundee water supply, 12 March, 1S72 


4 2 059 

o-oi o-Si 

Ji*4»|i7'5 

Edinburgh (Swanston), 6 April. 1S70 

>35 

0 7 0*07 

0 1 

0*62 

0 69 12 6 

Galashiels water supply, 2 April, 1S70 . . 

<04 

1*3 0 nj 

O j 

3 82 

(3 ’93'* 2*8 

Glasgow (Gorbals), 3 Aug , 1S70 .... 

Greenock water supply, 26 Julj , 187® 






Hamilton „ 2SJoIy, 1S70 1 ■ ■■ 1 

KilmamcnV „ 7 Apnl, i$70 . ■ . ; 

Paisley „ Si July, iS?o ■ ■ 

n* r.k.t»w . ( ETOd ““‘J" 10 tlm ° r 

( Gorbals. 

Stirling . . J excellent quality, but requires 

l filtering. 



Composition or Polluted Waters, Waste Liquors, and Factory Effluents. 
Results of Analysis expressed in Parts per Million. 
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CANADA. 


Divisions. 


I. The Great Lakes Catchment 

II. The Saint Lawrence River-Basm 

III. The Lake Winnipeg Catchment 

IV. The Nelson River-Basin 


I. Catchments of the Great Lakes — 

Groups. •'1- miles. Sq miles. Chief Rocks. 

1. Lake Superior in Canada " »>) .ejeC { SS.'IuREST 

Lake Superior in Untied Stales { Q T,SU5 r "' 1 ’’ ““r 1 * “■ ,1 "“" “ d 

2, Lake Huron to Canada 3870a) { “fiSS""' 1 c *” ws ““' 

, [ 55 276 I Coal measures, Gaspe sandstone, Chemung 

Lake Huron in United States ro 574 l 1 and Hamilton, small quantity of Buona- 

/ ' \enlura. 

3 t . f Hnronun, Niagara limestone, Gaspe sand- 

, Lake Michigan 47 344 \ stone, some Coal measures. 

4. Lake Erie in Canada 7973) 

' . ... , _ „„ -fin i 23 739 /' , aspe sandstone, Niagara limestone, and 

Lake Erie in United States S0766J '■» \ Chemung roeks. 

5. LukeOutuioinCansd. 88oj) { 'Sf.Sf 1 ”'"' “ d u "'" U "' 

f-25344 t Gaspe sandstone, Hamilton. Medina and 

Lake Ontario in United States 16 54* I 1 Hudson rocks i small quantities of Niagara 

f l and Clinton rocks. 

6. Surfaces of the Great Lakes. 

Altitude Mean depth 

in feet. in feet. 

Surface of Lake Superior ... 3*99° ••• 598 ... 900 

„ Lake Huron, &c . . . 24210 574 .. 450 

,, Lake Michigan 23032 ... 578 ... 1000 

„ LakeEne 10510 .. 564 ... 90 

„ Lake Ontario 7 47° ... 234 ... 412 

Total Great Lake Surface 97 212 

II. The Saint Lawrence River-Basin — 

Groups. 

( Lower Lauren tian. Cambrian, Cambro-Sdunan , 
small quantities of Huroman. Trenton, 
Hudson, Chary; some granite and syenite. 

2. Affluents from the north-west, including all 1 - , f Lower Lauren tian; small quantities of Cam* 

west of Point des Moots t'° 6 'U 6 ) “ «““• “ 1 

3i 

i. South-west ndluents ia Uoited States 



RIVER. BA SINS AND LAKE-CA TCHMENTS. 


Groups. 

In Canada. 

In the United 1 
States. 

Total square 
miles 


Square miles. I 


••• 5 

78 02S 

I 23 93 » 

201959 

... 4 

190 129 

23 785 1 

203 914 

... 9 

348 832 j 

49918 

398 75 ° 

- J; 

=9 3H3 


29 363 

*9 

«46 35 = 

187 634 

833 9 s6 


III. The Lake Winnipeg Catchment— 


1. The Great Sashachewan River ... 

2 . The South Saskatchewan River 
3 Old Wives Lake Catchment . 


Sq mil<i Chief Rocki 

( CambrO'SJuraa and Deva 

9i 3*7 


Cretaeeoui, 

_ e mountain! Carboniftrotit 

and Devonian overlying Cambrian 
Crctaccoui, Laramie. In (he mountain* at 


6 J 33 * 

I Chiefly Laramie, some Crclaeeout and Mi 
. 12 ig* \ oecne rock* 


dir^ S ciUSntf ' N^rtC | 36 920 { U Cm£eou“ nJ S ‘ , “ rl * n * 


western piece 
5 . Aumboine River and Qu'Appeltc 
C. Red River in Canada 

,, in United States.. .. 

7 - Lake of the Woods in Canada 

•1 „ in United Staler 

8. Winnipeg Riser and abluents . 

0. llcrcns and Albany sciks, or Cittern dirccl 


64 49* Chiefly Creiaceou* , lorn Laramie 

q I Crdaccno*. Lower Laurtnihin, UetonUn »nil 
9*32 ^ Silurian limeilonei 

3<>47* Ilamillun and 1 rrnivn roet*. some IViuUni 
q . I Laurrnlun, HuronUni tome pi, mu. in 
^ranle 

13 44^ Laurenllan 

35 *W* A. Ill Nor l eiudUn I»iliun 
I 749 O Lldelly I JiireiuLin. alitlla llur mUu 


30 Surfaces t f llic Larger JaUt 

Labe \\ innipeg Suificc . 8 14 J 

Lake of the Woods Surface I JOO 

Lake Winncpcgosis Surface 

Lake Manitoba Surface 

Old Wives Lakes Suffice — 


- tad-LJtalafcfc-Mj 

loclujrj iaCauhmrt | N'U (I,, 


IV. The Xclson Uivcr-lkisin — 

1 . I'rom Lake Winnipeg to Hudson Ray *9363 Laa«> nan. l!»v>.U*. and J. in,,** 

The few meteorological data given are not sulTicicnt to establish the 
hydrologic condition of these regions. 



128 


CANADA. 


i. The Lachim Canal — This canal was commenced in i82r 
and opened in 1825. It extends across the southern corner of 
the Island of Montreal, from the city of that name to Lake 
Saint Louis, a wide reach of the River Saint Lawrence, above 
the Saint Louis or Lachine Rapids, but below the main conflu- 
ence of the Ottawa River. The fall to be overcome was 
nearly 45 feet In a total length of S‘4 miles, but the greater 
part of the fall was concentrated in 3 miles. The depth 
of water in the canal was 5 feet, and the width 1 1 feet The 
locks were seven in number, in cut stone, each 100 feet by 
20 feet, with a depth of 4J feet on sills. The cost of the canal 
was .£109 G01. 

In 1843 the canal was enlarged, the works being finished in 
1848. The depth was increased to 10 feet, the bed width to 
80 feet, and the water width at surface to 120 feet. The number 
of locks was reduced to five, of dimensions 200 feet by 45 feet, 
the three upper having 9 feet depth on sills, and the two 
lower 16 feet The greater depth given to the lower ones was 
given to admit sea-going vessels to basins connected with the 
canal. The total cost of the canal from its commencement to 
1867 was £327 282. 

In 1875 it was decided to further enlarge the Lachine 
Canal at an estimated cost of £1 500 000 ; the works began that 
year. Though it was at that time probable that the whole oi 
the Saint Lawrence series of Canals would be enlarged to pass 
the largest vessels navigating the lakes, the enlargement was 
then restricted to this canal alone, for the reasons that it had to 
accommodate the combined traffic of the Ottawa and the Saint 
Lawrence Rivers, and that its lower portion required immediate 
enlargement for the passage of sea-going vessels to docks and 
wharves near Montreal. 

The following details of the canal, as existing in June, 1876, 
during the visit of Mr. George Walch, C.E , have been gathered 
from his account. 

The canal entrance, commencing at the harbour of Montreal, 
is formed by a pier of cribwork, extending for 250 feet from 
the south wing of the lowest lock into the river. Vessels can 
moor by this pier. Lock No. 1, the lowest, has an extreme lift 
of 13 feet. Between it and Lock No. 2 is a basin, 580 feet by 
180 feet, with dressed stone walls ; along the northern side of it 
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is a wharf. Lock No. 2 has a lift of 13 from this Basin No. 1 
to Basin No. 2. The latter basin is 2 200 feet long, with a 
surface of nearly 14 J acres, it is lined with masonry walls, and 
has extensive wharfage. At its north-western end, two other 
Basins, Nos. 3 and 4, open out of it ; these arc parallel, and about 
130 feet apart; their areas are 32450 and 90000 square feet 
respectively, with an aggregate of 3 590 linear feet of docking. 
Two “slips” or basins with pitched slopes, also open out of the 
canal at points respectively 100 and 700 feet beyond Basin No. 2. 
The canal continues through the town for nearly a mile from 
Lock No. 2 to Lock No. 3 ; it is flanked by mills and ware- 
houses Lock No 3 has a lift of feet. Lock No 4, which 
is 9400 feet beyond it, has a lift of 9 feet; near this arc 
several mills, factories and elevators worked by water from the 
canal, an arrangement that creates an increased current in the 
canal and causes great inconvenience to vessels passing. Lock 
No. 5 (the guard lock) has a lift of 9 feet and is about 
4i miles beyond Lock No. 4 ; it opens into a channel formed 
by a cribwork pier, or wing dam, 4 650 feet long, extending 
up the river and parallel to the shore. This was made to 
raise the water at the canal exit ; vessels are moored by it, 
and there is a small lighthouse at its extreme end. The channel 
leads into Lake Saint Louis. 

The locks arc all zoo feet by 45 feet in width between quoins. 
They arc built of stone in hydraulic mortar and arc founded on 
timber platforms, under which is a bed of concrete in cases 
where the bottom is soft. The sills of both gates arc at the 
same level, a breast wall near the entrance to the upper bay 
retaining the canal bed. This mode of construction is adopted 
because elevated sills arc unable to withstand the shocks given 
to gates by heavy vessels. These gates arc sometimes rammed 
away, and the damage is easily repaired, as no injury is done to 
masonry below water. All the sills are timber trusses, bolted 
down to large cross timbers lying in trenches 8 feet below 
the floor ; the space between them and the flooring being filled 
with rammed puddle. 

The gates arc two-leaved, not framed, but built up of solid 
longitudinal timbers, tS to 20 inches thick, bolted together with 
large iron bolts running through the whole height of the gate, 
and strengthened by vertical posts or binders. There are four 
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wickets in each leaf for admitting water into the locks, these 
are 4 feet by 2 feet, and are closed by iron turning-valves 
worked by screw gearing at the top of the gate. No other 
mode of admitting water is provided (culverts in side walls are 
open to great objection locally ; the severe frosts of Canada 
acting on them and injuring the walls) There arc no separate 
heel or mitre posts ; the ends of the longitudinal timbers being 
shaped to the quoins and mitres. The gates move on pivots at 
the heels, and are suspended by a wrought iron strap on each 
side, attached by turn-buckles to a wrought iron strap passing 
round an iron pin, held directly over the centre of movement 
by a timber, which is bolted to the sidi wall and lying on it. 
This system of entire suspension is found far preferable to 
the roller system, with its liability to obstructed roller paths. 
But the gates are sometimes provided with rollers, clear 
of tracks, to be used when a suspension bar breaks. The 
gate tops are held in position by the ordinary arrangement of 
collars and anchors. These large gates work with unusual 
ease and smoothness. 

The opening mechanism adopted for the gates consists of 
drag chains worked by crabs. But in two cases, the upper gates 
of Locks Nos. 1 and 3, are worked with the 'pole arrangement 
so much in favour in Holland; two men working these ponderous 
gates with ease. The pole, a piece of hard wood, 8 inches 
broad by 5 inches thick, is fastened to the leaf about 10 feet 
from the mitre on a vertical pin or pivot, round which it can 
move. It travels over three friction rollers on the coping ; these 
are respectively li, and 3/, feet long. A chain fastened to 
each end of the pole is passed round the drum of a crab, which 
stands on the coping across the pole, so that when wound one 
way the pole is forced forwards, and when wound the other 
way it is dragged back, at the same time turning horizontally 
on the pin on the gate, and accommodating itself to the 
varying directions due to curved movement. Under the crab 
the pole passes between two cheek-pieces, I J" feet apart, which 
restrain swinging, and act as stops to a pin running through 
the pole at the exact spot suiting the mitreing position of 
the gate. These are useful in holding a leaf, if the other is 
bumped open forwards by a heavy vessel, a case sometimes 
happening; they assist the clapping cell in retaining one leaf 
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till the other springs back into position The pole arrangement 
if used for lower gates is very liable to injury from boats in the 
lower chamber. 

Swing bridges are used throughout the canal to enable high- 
masted schooners and steamers with hurricane decks to pass 
freely. Out of six, three are over locks. They are all timber 
trusses, varying from 79 to 86 feet long and from r 1 i to 1 5 1 feet 
in width of roadway. That over Lock No. 2 is worked by water- 
power from the canal, another by horse-power, and the remain- 
ing four with gearing worked by hand. 

Their construction was thus described in 1867 by Mr J. G 
Sippcll. The timber bridges are formed of string pieces, braced 
horizontally with timber and iron cross braces, the side of the 
bridge forming a vertical truss, composed of diagonal cross 
braces of timber placed between the stringers and top rail, held 
in their places by iron tic-bolts, with nut and screw at each end. 
A ballast-box is formed at the heel of the bridge to counter- 
balance the weight of the toe A gallows frame is erected at 
the pivot beam, over which the suspension chains pass, for 
supporting the toe of the bridge, when open The length of 
these chains is graduated by means of screw-buckles 

Tw’o rollers arc attached to the heel of the bridge, traversing 
on an outer segment of cast iron, secured to a stone foundation. 
Rollers arc also placed near the centre of the bridge, traversing 
on an inner segment, secured to the stone pier, for supporting 
the pivot. O11 the smaller bridge-, this pilot is placed in the 
centre of the pivot-beam, and 8 feet 8 inches from the 
face of the abutment wall On the two larger bridges at 
Montreal, they are placed at the side, about 2 feet from the 
face of the wall, and secured to the under surface of the corbel 
below the stringer 

The works of enlargement, commenced in 1875, comprised the 
following intentions, which have probably been entirely carried 
out : — 

The canal, from Ilasin No. 2 to l.ock No. 3, to be enlarged 
to 2CO feet mean width, between Locks Nos. 3 and 4 to 175 
feet mean width, and between Locks 4 and 5 to isofeet mean 
depth ; the depth of water throughout to be maintained at 13 
feet , excepting at entrances and in certain basins. 

All the new locks to be 270 feet by 43 feet ; their lifts to 
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remain as before, being built near the old ones on timber plat- 
forms ; their sills, as before, wooden trusses, both on the same 
level ; the top of the breast-wall, retaining the upper canal bed, 
to be 1 8 feet below water surface in Locks Nos. i and 2; and 
in the other locks 14 feet. 

A new entrance to be made from Montreal Harbour, and 
another at the Lachine end, the latter to be 15 feet deep and 
200 feet wide, formed by a continuous pier of cribwork 6 200 feet 
long. 

Basin No. 1 (before mentioned) to be increased in depth to 19 
feet ; and a second basin, of the same dimensions and increased 
depth, to be made parallel to it and connected with it. The old 
Basin No. 2 to be increased in depth to 1 3 feet, and to have a 
channel 19 feet deep running through it. A new basin will be 
connected with it, 19 feet deep, and of dimensions 1 250 feet by 
225 feet, surrounded by masonry dockwalls ; this will be called 
the “Wellington” basin. The details of work, seen in pro- 
gress by Mr. Walch, present the peculiarity of a “frost batter," 
or very sloping rear batter to the back of the dockwall for 
the topmost five feet of it (This is intended to permit the 
frozen soil to travel upwards instead of pressing the dockwall 
outwards.) 

Regulating weirs to be made in connection with each lock. 
These will, like all masonry works on the canal, be built on tim- 
ber platforms ; and in these cases they will be laid 5$ feet 
below water surface of the lower reach ; the portion between 
the rear wings being covered by an extra course of 2-inch 
planking as a floor. Four ranges of sheet-piling, 5 feet deep, 
will run across the foundations. The “ breast -wall ’’ to be 4 feet 
wide at the top and 9 feet at the bottom ; the crest I J feet 
below upper reach level, and 49 feet long, divided into two 
bays by a centre pier, 3! feet wide, to carry a foot bridge. 
The eight vents in the weir to be rectangular, 5 feet high 
and 4 feet wide, with sills at level of bed of upper 
reach ; these will be closed by wooden gates turning vertically on 
centre-pivots and worked with turning rods, 3 inches in dia- 
meter, These will run through clips built into the face of the 
wall, up to 6 inches above the level of the wooden platform, 
which will be placed over the weir just In front of the breast- wall 
on the upstream side. The gates will close on oak frames fixed 
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to the edges of the vents. The upper wings and bridge pier will 
have grooves for stop-planks. The lower “raceway” walls will, for 
a distance of 70 feet beyond the end of the weir, have a plank 
lining 7 feet high, fastened into wall panels 2 inches deep. 
(This is a peculiar instance of the use of timber in Canadian 
hydraulic works) The whole bed of the lower raceway will 
be covered by a plank flooring running under the side walls as 
foundations ; under the floor will be several cross rows of sheet 
piling, 6 feet deep. 

Masonry culverts to be built so as to admit of a future deep- 
ening of the canal-bed by 2 feet , that is to a depth of 1 5 feet of 
water. 

In 1883 the construction of the two new basins at Saint Gabriel 
was commenced, and is still proceeding. The channel leading to 
Wellington Basin from the harbour was dredged to afford a clear 
navigable depth of 18 feet. The completion of the Lachinc 
entrance, for a width of 200 feet and navigable depth of 14 feet 
was completed fully in 1884. 

In 1884 this canal consisted of one channel with two entrances 
at each end, and two sets of locks, old and new. The latter arc 
270 feet by 45 feet, with depth on sills of 18 feet on two lower 
locks, and 14 on the three upper, and all permanent works arc 
built to correspond with a navigable depth of 14 feet. 

2. The Bcauhanms Canal — At the beginning of tins century 
there were four short canals for navigation round the “ Cascade,” 
" Cedars,” and " Cotcau ” Rapids their locks were only 6 feet 
wide, with a depth of 2J feet on sills , the fall to be overcome 
in the three rapids is in all 82 } feet in n miles, but mostly 
concentrated in 7 miles including the two level reaches between 
the three rapids 

In 1817 these canal lock-, were enlarged to 12 feet wide, and 
3! feet deep on sills. 

In 1S43 the present Bcauhamois Canal was begun; it was 
opened in 1845, and its cost, with additions and improvements 
until 1SG7, amounted to ; £402fv'>0 

It begins at the foot of the ” Cascade ” Rapids, the entrance 
being formed by piers 535 feet long, of cribwork bclo.v water level, 
and of a timber sujicrstnJcture The canal runs for its w hole length 
1 1 } miles, close to the south bank of the riv er, entering it again 
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at the eastern end of the river-widening named “Lake Saint 
Francis/' just above the “ Cutcau " Rapids The water section of 
the canal is 10 feet deep, 80 feet in bed width, and 120 feet in 
surface width. 

The locks are nine in number, each having a depth on sill of 
9 feet, and of dimensions 200 feet by 45 feet ; they resemble the 
old locks of the Lachine Canal, described on page 1 29. 

The other principal works are 13 weirs, 9 timber swing 
bridges, of which S are over locks, and 10 culverts under the 
canal. There arc recesses in the canal banks with .planked 
vertical sides, for the convenience of ferry scows plying 
across the canal. The details of the works generally resemble 
those of the Lachine Canal. 

In 1884 a railway bridge over this canal was commenced. 

3 The Cornwall Canal — This canal was made between 1S34 
and 1843 at a total cost up to 1867, exclusive of repairs and 
management, of ,£483 288 . 

Its entrance is at the town of Cornwall at the head of Lake 
Saint Francis ; and it runs close along the northern edge of the 
river, except in two parts, each about half a mile long, where it 
cuts across projecting points of land. Its total length is 1 miles, 
in which it overcomes the 48 feet fall of the Long Sault Rapids 
The water section of the canal is 10 feet deep, bed width 100 feet, 
water face 1 50 feet. The north side of the canal is everywhere in 
cutting, but on the south side the water is retained and the tow- 
path formed by an artificial bank, founded chiefly on the bed of 
the river, and protected from wash on the river slope by stone- 
pitchmg, and on the canal side by dry stone facing, 2 feet above 
and 2$ feet below water surface. There has been much settling 
and sliding of this bank. 

The locks are seven in number, of which one is a guard lock ; 
the remaining six are liftlocks with 9 feet of water on sills; 
their dimensions are 200 feet by 55 feet. The three lowest of them 
are only about 200 feet apart, an arrangement liable to cause 
delay of traffic. 

One timber swing bridge carries traffic over the canal ; it is 
10 feet wide and 56^ feet in span between abutments. There 
are also four road-tunnels under the canal, these are 12 feet 
wide, 6 feet high at side walls, and 10 feet high to crown. They 
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arc moderately effective and generally passable for foot- 
travellers and carriages, but they have to be cleared out once 
a month, and the river backs up into them. 

The estimated cost of enlarging and improving this canal, to 
correspond with the new Lachine Canal, is .£540 000. 

In 1884 the new works were well advanced : the lower 
entrance had been enlarged ; two new locks had been con- 
structed to take the place of three old ones ; also a basin 825 
feet long between them. The locks were 270 feet by 45 feet 
with a depth of water of 14 feet 

4. Farraris Point Canal — This with the two other Williams- 
burg canals (5 and 6) were made between 1843 and 1847 ; with 
subsequent additions down to 1867, exclusive of repairs and 
maintenance, they cost £330 1G4. The fall of Farran’s Point 
Rapids being only 4 feet, the corresponding canal has only one 
lock ; of dimensions 200 feet by 45 feet. The canal is only 
three-quarters of a mile in length, with a depth of water of 10 
feet, and of 9 feet on lock sills. In 1884 the works of enlarge- 
ment had not commenced on this canal. 

5. Rapidc Plat Canal — This is 4 miles long, and has two locks 
to overcome the fall of 1 t$ feet in the rapids of the same name. 
The dimensions of channel and locks correspond to those of 
Farran’s Point Canal. 

In 1884 the entrance and the channel abo\c and below the 
guard lock had been much enlarged and deepened A new 
lock and a waste weir to the old lock had been made. The 
works were progressing to gi\c a new depth of 14 feet 

6 The Gah'fs Canal — This is miles long, and has three 

locks to overcome the collective fall of 15J feet of the three 

rapids named 6 * * * * 11 Point aux Iroquois," •• Point Cardinal,” and 
“Galops." Their dimensions arc 200 feet by 45 feet, with 9 feet 

depth on siJK 

The locks and other works on these three Williamsburg 
canals (4, 5, and 0), arc similar to those on the other canal* of 

the Saint Lawrence series before described In 1S84 the works 
of enlargement of the upper entrance and the deepening 
throughout to 14 feet were in progress. The Williamsburg 
canals arc not used by ascending passenger steamers these can 
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save two hours by keeping to mid-channel course in the 
river. 

The estimated cost of enlarging the Williamsburg canals to 
the same dimensions and capacity as the New Lachine Canal is 
^527 000 ; and that of deepening the river channel in the two 
reaches between them, about 8| miles, is .£131 250. 

From the head of the Galops Rapid to the head of the Saint 
Lawrence proper at Kingston, Lake Ontario, the river navigation 
is unobstructed, though it is intricate in some places, especially 
near the Thousand Islands. The distance is G6i miles. 

Remarks. — ’The works for improving the whole of this scries 
of canals, from the Beauharnois Canal upwards, had not been 
completed in 1884, though they may be this year. When com- 
pleted they will afford a navigable depth of 14 feet throughout 
the whole route from Montreal to Kingston. 

The expense would perhaps be about two millions sterling ; 
as for direct financial results in the form of tolls and rates, 
apparently they arc deemed quite a subsidiary matter, as road 
tolls. Hence such works would in any country of transient 
occupation be termed unproductive, for the indirect returns and 
advantages might not come into full operation before the 
territory had lapsed to other rulers Such a distinction 
fortunately does not exist in Canada, where the official Chief 
Engineer of public works thus reports : — 

" It is well known that none of the canals have paid the 
interest of the money expended on their construction, or indeed 
very little more than the working expenses. Still, few who 
compare the past with the present condition of Canada will 
doubt that they have been of far greater benefit to the country 
than the aggregate amount of their cost.” 

Here is a clear instance of the need in every country of 
establishing a purely Public-works Public Debt, in shares held 
by its defenders, free from all risk of official misappropriation 
and financial swindling. 

The Richelieu Navigation. 

The Richelieu is a tributaiy of the Saint Lawrence, joining it 
at Sorel, 4 6 miles below Montreal, after a course of Si miles 
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from Rouse’s Point, Lake Champlain, which is near to, but 
beyond the frontier. The river forms part of a navigable 
route between the Saint Lawrence and New York ; the remain- 
ing part consisting of 330 miles in all ; lit miles of Lake 
Champlain, and the Champlain and Eric Canals to the Hudson 
River. The traffic is chiefly in sawn timber and grain from 
Canada to the United States. 

Part of this navigation was improved and opened in 18,13 , 
other parts between 1844 and 1849. 

The lowest part of the river from Sore! to 14 miles above Its 
confluence, appears to have been always navigable. From 
Saint Ours for 32 miles upstream to the Cliamhly Il.isin, a 
navigable minimum depth of 7 feet is maintained by a dam at 
Saint Ours, 

The river at this place is divided into two channels. Across 
the main or western one the dam, made of Htniic-filled 
cribwork, is 69 o feet long ; it has an apron 40 feet whin of 
similar work, well founded in city. A cron Hu* timnMci 01 
eastern channel is an earthen darn 300 feet long, having tlio 
water face pitched ; it has a top width of 25 feet, and nlopes of 
two to one, and the lock for navigable passage is in the middle 
of this dam. In freshets the water passing over the western 
cribwork dam is 8 to JO feet deep. 

The Saint Ours Lock is of cut stone, 200 feet long between 
quoins, and 45 feet wide, with 7 feet as the least depth of wrlfri 
on sill, and an average lift of 5 feet. Piers of cribwork PMcml 
above and below the lock for distances of 270 and 420 feet 
respectively. 

The reach of the Richelieu from Chambly Uasin, n natural 
reservoir, to Saint John consists entirely of the Chambly Rapids, 
more than 12 miles long. 

The navigation is taken by a canal from the foot of the rapids 
for a distance of 12 miles ; it has a bed width of 3G feet and a 
surface width of 60 feet. 

The locks on it arc all of masonry, nine in number, of which 
one is a guard lock, and the rest have a total lift among them 
of 74 feet ; their breadth Is 235 feet, and they have 7 feet depth 
of water on sill. The smallest lock chamber of the nine is 122 
feet by 22 feet. 

The other principal structures connected with this part of the 
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save two hours by keeping to mid-channcl course in the 
river. 

The estimated cost of enlarging the Williamsburg canals to 
the same dimensions and capacity as the New Lachine Canal is 
£527 000 ; and that of deepening the river channel in the two 
reaches between them, about 8J miles, is .£131 250. 

From the head of the Galops Rapid to the head of the Saint 
Lawrence proper at Kingston, Lake Ontario, the river navigation 
is unobstructed, though it is intricate in some places, especially 
near the Thousand Islands. The distance is 66 j miles. 

Remarks . — The works for improving the whole of this series 
of canals, from the Bcauharnois Canal upwards, had not been 
completed in 1884, though they may be this year. When com- 
pleted they will afford a navigable depth of 14 feet throughout 
the whole route from Montreal to Kingston 

The expense would perhaps be about two millions sterling ; 
as for direct financial results in the form of tolls and rates, 
apparently they are deemed quite a subsidiary matter, as road 
tolls. Hence such works would in any country of transient 
occupation be termed unproductive, for the indirect returns and 
advantages might not come into full operation before the 
territory had lapsed to other rulers Such a distinction 
fortunately does not exist in Canada, where the official Chief 
Engineer of public works thus reports : — 

“ It is well known that none of the canals have paid the 
interest of the money expended on their construction, or indeed 
very little more than the working expenses. Still, few who 
compare the past with the present condition of Canada will 
doubt that they have been of far greater benefit to the country 
than the aggregate amount of their cost.” 

Here is a clear instance of the need in every country of 
establishing a purely Public-works Public Debt, in shares held 
by its defenders, free from all risk of official misappropriation 
and financial swindling. 

The Richelieu Navigation. 

The Richelieu is a tributary of the Saint Lawrence, joining it 
at Sorel, 46 miles below Montreal, after a course of 81 miles 
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from Rouse’s Point, Lake Champlain, which is near to, but 
beyond the frontier. The river forms part of a navigable 
route between the Saint Lawrence and New York ; the remain- 
ing part consisting of 330 miles in all; mi miles of Lake 
Champlain, and the Champlain and Eric Canals to the Hudson 
River. The traffic is chiefly in sawn timber and grain from 
Canada to the United States. 

Tart of this navigation was improved and opened in 1843 ; 
other parts between 1 S44 and 1 849. 

The lowest part of the river from Sorel to 14 miles above its 
confluence, appears to have been always navigable. From 
Saint Ours for 32 miles upstream to the Chambly Basin, a 
navigable minimum depth of 7 feet is maintained by a dam at 
Saint Ours. 

The river at this place is divided into two channels Across 
the main or western one the dam, made of stone-filled 
cribwork, is 690 feet long , it has an apron 40 feet wide of 
similar work, well founded in clay Across the smaller or 
eastern channel is an earthen dam 300 feet long, having the 
water face pitched ; it has a top width of 25 feet, and slopes of 
two to one, and the lock for navigable passage is in the middle 
of this dam. In freshets the water passing over the western 
cribwork dam is 8 to 10 feet deep 

The Saint Ours Lock is of cut stone, 200 feet long between 
quoins, and 45 feet wide, with 7 feet as the least depth of water 
on sill, and an average lift of 5 feet Piers of cribwork extend 
above and below the lock for distances of 270 and 420 feet 
respectively. 

The reach of the Richelieu from Chambly Basin, a natural 
reservoir, to Saint John consists entirely of the Chambly Rapids, 
more than 12 miles long 

The navigation is taken by a canal from the foot of the rapids 
for a distance of 12 miles ; it has a bed width of 36 feet and a 
surface width of 60 feet 

The locks on it arc all of masonry, nine in number, of which 
one is a guard lock, and the rest have a total lift among them 
of 74 feet ; their breadth is 23J feet, and they have 7 feet depth 
of water on sill. The smallest lock chamber of the nine is 122 
feet by 23 feet 

The other principal structures connected with this part of the 
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The cost of construction is unknown, the records having been 
burnt in 1852 at a conflagration at Montreal. 

In later times, a dam was built across the Ottawa River at 
Carillon, raising the water 9 feet, and elevating the level 
of water in the river for 7 miles upstream. It was undermined 
and breached in 1883, and a very deep passage in the bed was 
scoured tothe depth of 30 feet (?)(sic). In 1884 this was thoroughly 
repaired; and guide piers and booms added to direct rafts to the 
slide in the dam. 

According to recent accounts the canal is now 100 feet in bed 
width and 1 10 feet wide at water surface. The locks now give 
a total lift of 16 feet ; being two in number, each of dimensions 
200 feet by 45, with 9 feet depth on sills. * 

3 The Blondeau Canal was made about the same time. It 
is on the north bank of the river and is one-eighth of a mile 
long, cut in solid rock with vertical sides ; its width is 30 feet. 

It has one lock cut in solid rock, and lined with dressed 
masonry at the quoins and recesses. Its dimensions are 130 feet 
by 324 feet, with a lift of 3? feet, and 6 feet depth on sill. 
The cost is unknown. The effect of the Carillon dam has 
been to reduce the lift here to zero, and to diminish the 
current of the rapid. Hence this canal is now used only at times 
of very high water, when the current is very strong. It is 
now proposed to improve the river channel at this place by 
blasting and dredging. 

4. The Grenville Canal, also made between 1820 and 1828, is 
on the north side of the river ; it is S* miles long, partly in 
earth and partly in rock cutting ; its bed width was from 20 to 30 
feet, its surface width from 25 to 60 feet. 

There were seven locks in all, of which one was a guard lock, and 
four were combined in two sets of two The lengths of chambers 
vary from 107 to 130 feet, their breadths from 29 to 32 feet; 
the least depth on sills was 6 feet, and the total lift of the whole 
was 45 i feet. Cost unknown. 

By the modern works of enlargement, commenced in 1871 and 
completed in 1884, this canal has been increased to 40 to 50 
feet in bed width and 50 to 80 feet width of water surface, and 
a depth of 10 feet of water. There are now five locks, of dimen- 
sions 200 feet by 45, with a least depth of 9 feet on sills. The 
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old locks are now entirely obliterated. The main channel has 
crossing basins at intervals of half a mile, and the entrances have 
been enlarged. 

The details of the older w orks on this series of diort canal s pre- 
sent little interest ; they generally rc^mblc the construction 
described on the older works of the Saint Lawrence series of 
canals. Originally they were military works constructed under 
the superintendence of the “Royal Staff Corps’* in order to 
form a communication w itli the Ridcau River navigation, and 
to pass military stores by this route to Lake Ontario, and the 
larger lakes. They were handed over to the Provincial Govern- 
ment in 1S53, and hate since been managed by the Canadian 
Department of Public Works. As the Ordnance Office of 
Montreal was burnt in 1852, records of their cost arc unavailable. 

The recent works for improving the senes of Ottawa canals 
now (1885) give a navigable depth throughout of 9 feet of 
water ; and the locks arc now increased to dimensions of 200 feet 
by 45. 

The Upper Ottawa Navigation — Above the Chaudttrc Falls, 
near the City of Ottawa, the river appears to be much smaller 
and broken by rapids for a distance of 200 miles to Matlawa. 

These are the Duchcsse, the Chats, the Chenaux, Portage du 
Fort, and the Grand Calumet, which obstruct the river as far as 
Culbute or LTslet, 107 miles above Ottawa City. Here are two 
dams 625 feet long, and three locks, 200 by 45, with 6 feet on 
sills, giving a total rise of 18 to 20 feet, surmounting the 
Culbute Rapids; these give 37 miles of upper navigation to 
Des Joachims. 

In 1884 shoals were removed at Grand Calumets and dams 
constructed at Rocher Fendu ; these afford a navigable least 
depth of 7 feet for 80 miles to Culbute; altogether 117 miles. 

‘ ‘ '' where the river turns 

to Georgian Bay, is 

Apparently the distance from Matlawa, along the Matlawa 
River and expanses, to Lake Nipissing is 35 miles, across Lake 
Nipissing to French River 40 miles, and the course of French 
River to Georgian Bay is 40 miles, with a fall of only 59 feet 
In the onward course along the inner lakes to Lake Superior the 
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save two hours by keeping to mid-channel course in the 
river. 

The estimated cost of enlarging the Williamsburg canals to 
the same dimensions and capacity as the New Lachinc Canal is 
,£527 000 ; and that of deepening the river channel in the two 
reaches between them, about 8J miles, is ,£131 250. 

From the head of the Galops Rapid to the head of the Saint 
Lawrence proper at Kingston, Lake Ontario, the river navigation 
is unobstructed, though it is intricate in some places, especially 
near the Thousand Islands. The distance is 66\ miles. 

Remarks . — The works for improving the whole of this series 
of canals, from the Beauharnois Canal upwards, had not been 
completed in 1884, though they may be this year. When com- 
pleted they will afford a navigable depth of 14 feet throughout 
the whole route from Montreal to Kingston. 

The expense would perhaps be about two millions sterling , 
as for direct financial results in the form of tolls and rates, 
apparently they are deemed quite a subsidiary matter, as road 
tolls. Hence such works would in any country of transient 
occupation be termed unproductive, for the indirect returns and 
advantages might not come into full operation before the 
territory had lapsed to other rulers Such a distinction 
fortunately does not exist in Canada, where the official Chief 
Engineer of public works thus reports : — 

“ It is well known that none of the canals have paid the 
interest of the money expended on their construction, or indeed 
very little more than the working expenses. Still, few who 
compare the past with the present condition of Canada will 
doubt that they have been of far greater benefit to the country 
than the aggregate amount of their cost ’’ 

Here is a clear instance of the need in every country of 
establishing a purely Public-works Public Debt, in shares held 
by its defenders, free from all risk of official misappropriation 
and financial swindling. 

The Richelieu Navigation. 

The Richelieu is a tributary of the Saint Lawrence, joining it 
at Sorel, 46 miles below Montreal, after a course of 81 miles 
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The cost of construction is unknown, the records having been 
burnt in 1852 at a conflagration at Montreal. 

In later times, a dam was built across the Ottawa River at 
Carillon, raising the water 9 feet, and elevating the level 
of water in the river for 7 miles upstream. It was undermined 
and breached in 1883, and a very deep passage in the bed was 
scoured tothe depth of 30 feet (?)(«t). In 1884 this was thoroughly 
repaired, and guide piers and booms added to direct rafts to the 
slide in the dam 

According to recent accounts the canal is now 100 feet in bed 
width and 1 10 feet wide at water surface. The locks now give 
a total lift of 16 feet ; being two in number, each of dimensions 
200 feet by 45, with 9 feet depth on sills. * 

3. The Blotidcau Canal was made about the same time. It 
is on the north bank of the river and is one-eighth of a mile 
long, cut in solid rock with vertical sides ; its width is 30 feet. 

It has one lock cut in solid rock, and lined with dressed 
masonry at the quoins and recesses. Its dimensions arc 130 feet 
by 32k feet, with a lift of 3} feet, and 6 feet depth on sill. 
The cost is unknown. The effect of the Carillon dam has 
been to reduce the lift here to zero, and to diminish the 
current of the rapid. Hence this canal is now used only at times 
of very high water, when the current is very strong. It is 
now proposed to improve the river channel at this place by 
blasting and dredging. 

4. The Grenville Canal, also made between 1820 and 1828, is 
on the north side of the river ; it is 5J miles long, partly in 
earth and partly in rock cutting ; its bed width was from 20 to 30 
feet, its surface width from 25 to 60 feet. 

There were seven locks in all.of which one was a guard lock, and 
four were combined in two sets of two The lengths of chambers 
vary from 107 to 130 feet, their breadths from 29 to 32 feet ; 
the least depth on sills was 6 Feet, and the total lift of the whole 
was 455 feet. Cost unknown. 

By the modem works of enlargement, commenced in 1871 and 
completed in 1884. this canal has been increased to 40 to 50 
feet in bed width and 50 to 80 feet width of water surface, and 
a depth of to feet of water. There are now five locks, of dimen- 
sions 200 feet by 45 , with a least depth of 9 feet on sills. The 
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old locks are now entirely obliterated. The main channel has 
crossing basins at intervals of half a mile, and the entrances have 
been enlarged. 

The details of the older works on this scries of short canals pre- 
sent little interest ; they generally resemble the construction 
described on the older works of the Saint Lawrence scries of 
canals. Originally they were military works constructed under 
the superintendence of the “Royal Staff Corps” in order to 
form a communication with the Rideau River navigation, and 
to pass military stores by this route to Lake Ontario, and the 
larger lakes. They were handed over to the Provincial Govern- 
ment in 1853, and have since been managed by the Canadian 
Department of Public Works. As the Ordnance Office of 
Montreal was burnt in 1852, records of their cost are unavailable. 

The recent works for improving the series of Ottawa canals 
now (1885) give a navigable depth throughout of 9 feet of 
water ; and the locks arc now increased to dimensions of 200 feet 
by 45. 

The Upper Ottawa Navigation — Above the Chaudiirc Falls, 
near the City of Ottawa, the river appears to be much smaller 
and broken by rapids for a distance of 200 miles to Matlawa. 

These are the Duchcsse, the Chats, the Chenaux, Portage du 
Fort, and the Grand Calumet, which obstruct the river as far as 
Culbute or L’lslct, 107 miles above Ottawa City. Here are two 
dams 625 feet long, and three locks, 200 by 45, with 6 feet on 
sills, giving a total rise of 18 to 20 feet, surmounting the 
Culbute Rapids ; these give 37 miles of upper navigation to 
Dcs Joachims. 

In 1884 shoals were removed at Grand Calumets and dams 
constructed at Rochcr Fcndu ; these afford a navigable least 
depth of 7 feet for So miles to Culbute; altogether 117 miles 

The distance from the bend at Matlawa, where the river turns 
from south to east, to Lake Nipissing and to Georgian Bay, is 
\cry variously given according to maps. 

Apparently the distance from Matlawa, along the Matlawa 
River and expanses, to Lake Nipissing is 35 miles, across Lake 
Nipissing to French River 40 miles, and the course of French 
River to Georgian Bay is 40 miles, with a fall of only 59 feet 
In the onward course along the inner lakes to Lake Superior the 
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of 6o feet in earth, and of 54 feet in' rock, with a navigable 
depth of 4| feet. 

As much of the line consists of broad expanses of water, 
there are not any tow-paths, and steam is the only motive 
power used 

The total number of locks in the whole navigation is 47. Those 
ascending the Rideau are 33 in number, with a total lift of 
282 1 feet; and those descending the Kataraki are 14 in number 
and have a total descent of 164 feet at high water. 

The locks are 134 feet by 33 feet, with a navigable depth on 
sills of 5 feet, but the water is seldom kept up throughout the 
year to full height. 

There is a full description of the works on this navigation in 
the earlier volumes of the Papers of the Royal Engineers ; but 
the following details are given by Mr. George Walch, C.E., who 
visited the works in 1876 

The entrance from the Ottawa River is by a flight of eight 
combined lock-chambers. Situated at the mouth of the rocky 
ravine running at the foot of the hill crowned with the 
Parliamentary Buildings. The total lift of this flight of locks 
is 82 feet. 

In all the locks of this navigation the chambers are 134 feet 
long from mitre to mitre, and 33 feet wide, with 5 feet depth 
of water on sills. The walls are of ashlar, and between them 
is a stone invert. The gates are ordinary double-leaf gates, 
worked by balance beams, which are moved by chains attached 
to their ends, and winches. Water is let in and out of the lock 
through a culvert 4 feet by 3 feet, running round the back of each 
gate , the valves closing these are worked by crab-winches and 
chains. As the gates have not any suspension bars or diagonal 
ties, they probably run on rollers 

At 4J miles above Ottawa are two more combined locks like 
the former, and above these is a cut-stone waste weir with an 
overfall of about 18 feet down to a sloping cut-stone apron, at 
the bottom of which is a timber floor. The weir-crest is at full 
water level, and has not any shutters ; but in the middle of the 
breast- wall is a gap, running down to bed level, of 3 feet in width 
closed by planks. 

At about a mile above this, the canal joins the riveri which 
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is ponded back for 4 miles by an earthen dam 320 feet long and 
SO feet high. (At this place two or three masonry dams have 
been carried away.) At the end of this dam is a wooden bulk- 
head with 5 openings of 20 feet each in width, their sills being 
16 feet below water surface. These openings are closed by 
stop-logs dropped into grooves, and lifted with chains and 
winches. The apron below this bulkhead is 100 feet long; 
it is a timber floor on cribwork bolted down to the rock, and 
from its edge there is a pitch of 15 feet on to rock. Both 
bulkhead and apron showed injury from ice and logs. Beyond 
the bulkhead a bye-wash, 1 50 feet wide, affords an escape for 
excess of water into the river-bed. At this place, known as 
“ Hogsback,” arc two combined locks, the walls of which are 
bulged and cracked. 

Near Kingston Mills, at the southern end of the navigable 
route, the River Kataraki has, at the head of some falls, been 
dammed and ponded up for about 10 miles by an embankment 
nearly a mile long, and in parts 20 feet high. On the lower 
side of this bank was a dry stone retaining wall 1 5 feet high, 
9 feet thick, built of flat limestone slabs on edge, having their 
true beds all vertical ; it was standing well. The escape-weir 
of this pond has a crest 20 feet long, on which stop-logs are 
dropped into grooves, and arc lifted with a winch and chatns at 
each end. Out of the lake above the embankment, one lock 
drops into a masonry basin, and from that a flight of three 
chambers combined drops 45 feet into the bed of the stream, 
the channel of which is used for navigation down to Kingston 
Harbour, a distance of about Si miles. 

In 1S83 the dam, waste-weir, lock and bridge were seriously 
damaged ; they were replaced and rebuilt in 1884 

The actual cost of the works down to original completion 
was ,£803 774 ; subsequent improvements until 1867 raised the 
amount to £1 020 632 The traffic is small on this navigation, 
which is of military and strategic value, but as it sa\es no 
distance cither as a westward or as an eastward route, is of 
local rather than of general use 

In 1SS4 proposals were made to connect Gananoka town by 
a branch navigation with the Ridcau system ; also to augment 
the supply to the Ridcau at Bedford Mills by new branches 
from some lakes on the Devil Lake system. 



I 4 G 


CANADA. 


The Tay Canal . — This will, when finished, be a branch of the 
Rideau system, affording communication from Beveridges Bay 
on Lake Rideau, to Perthtown, a distance of 6 miles; it 
involves one dam, two locks, and the deepening of the River 
Tay; these were not quite completed in 1884. 

The Trent Navigation. 

This was projected by Baird in 1835, but only partly executed. 
It still consists of an unconnected series of river reaches and 
lakes between Trenton, at the mouth of the Trent, on Quints 
Bay, Lake Ontario, to Georgian Bay, Lake Huron. 

In 1837 the works were commenced for carrying out a 
complete navigable communication through the River Trent, 
Rice Lake, the River Otonabi, and Lakes Clear, Buckhom, 
Chemong Pigeon, Sturgeon, and Cameron to Lake Balsam, 
“ the summit water,” about 166 miles from Trenton. From Lake 
Balsam by a canal and the River Talbot to Lake Simcoe, and 
onwards by the River Severn to Georgian Bay. Altogether 
235 miles. 

The execution of the works being afterwards deferred, parts 
of the navigation were completed, as shown in the list, by 
means of certain detached works, also mentioned. 


Reaches and Detached Works. 

Distances. 

Length 
of Reach. 

Trenton to Nine Mile Rapids 

Miles. Miles. 
~ 9 

Miles. 

q Unnavig 

Chisholm's Canal lock and dam . . 

15 * — 

— 

Nine Mile Rapids to Percy Landing 

— s8j 

rq+ Navig. 

Percy Landing — boom 

281 — 

— 

Percy Landing to Heeley’s Falls 

- 44 

14J Unnav. 

Campbellford — booms 

34 ? — 

— 

Middle Falls — 4 dams and 2 slides . . . 


— 

Crowbay— boom 

3 8 — 

— 

Heeley’s Fall — dam and slide 


— 

Heeley’s Falls to Peterboro’ 


51} Na.ig 

Crook’s Rapids — lock, dam and slide 
Whitlar Rapids — lock, dam and canal 

84# — 


Q2i 

— 

Little Lake — 3 piers and a boom 


— 

Peterboro’ to Lakefield 

— 104 

Unnav 

Burleigh — -timber slides 

IOI 

— 

Lakefield to Burleigh 

— ir6 

12 Navig. 



NAVIGATIONS AND CANALS. 


147 


Reaches and Works —tontinuel 

Distances. 

Length of 
Reach 


1 Miles. 1 

Miles 1 

Miles 

Burleigh Rapids 

1 — • 1 

117 | 

1 Unnav. 

Burleigh Rapids to Buckhorn Rapids 

1 — ' 

12a 1 

7 Navig. 

Buckhom Rapids . . 

1 . — . 

1*5 

1 Unnav. 

Buckhom Dam 

» 5 J 




Bobcaygeon — dams, locks 2nd canal 


— 



Fenelon Falls— slide and boom 

1 *552 

— 



Lindsay Lock 





Buckhom dam to Lindsay 

lOij j 

lOif 

S r >{ Navig. 

Branch or Navigation 




From Lindsay to Port Peny at head of < 
L, Scugog. J 

- 

j "/> 

3 >$l Navig. 


Out of the whole 190 miles, 155 mile* of detached rear he* \v< r<- 
navigable for vessels of light draught 
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Burlington Bay Passage ; — This is another navigable passage 
half a mile long through a sandbar separating Burlington Bay 
from Lake Ontario. Its width varies from 10S to 138 feet, 
and its navigable depth is 10 feet. It gives access to Port 
Hamilton, also through the Desjardins canal to the town of 
Dundas, and is in full operation 

The Welland Canal. 

This is at present the most important of the Canadian canals 
as a detached work. Its object is to afford a navigable communi- 
cation for large vessels between lakes Erie and Ontario; the 
ordinary watercourse being the River Niagara, with a cataract 
of 316 feet and several miles of dangerous rapids, having a total 
fall of 330 feet in 30 miles. 

In the neck of land between the two lakes, which is about 35 
miles broad, and nearly double that in length, there is a trans- 
verse river, the Chippewa, also called the Welland, which dis- 
charges into the navigable part of the Niagara River below Navy 
Island and above the great Niagara Fall. 

In 1829 the first canal, made by a private company in five years 
with help from Government, was opened. Its course was from 
near the mouth of the Welland down to Lake Ontario, probably 
near the end of the existing canal, and it passed vessels of 85 
tons burden. But landslips occurred in the deep cutting, thus 
stopping further traffic. 

In 1833 works of improvement and extension of the canal were 
completed, partly on a fresh course. The extension from the 
Welland to Lake Erie at Port Colborne was opened, as well as 
a feeder 22 miles long from Dunville on the Grand River ; but 
at that time the locks were all of wood, and of dimensions vary- 
ing from no feet by 22, to 130 feet by 32, with a navigable 
depth of 7^ feet only. 

In 1841 the Government acquired the canal by purchase at 
a total cost of ^462 857 ; and works were recommenced the year 
following. 

In 1845 some enlarged masonry locks were opened, of dimen- 
sions 150 feet by 2GI feet, with 9 feet, depth of water on sills; 
and the whole canal, with its 26 locks, was finished in 1850 

During the succeeding 1 7 years various improvements were 
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effected, deepening the depth on sills to ioj feet and widening 
to SO feet, bringing it up to its condition in 1867, when steamers 
of 400 tons could pass through. 

The following is an account of the older works existing in 
1876. 

The canal lias three separate navigable entrances, the chief one 
at Port Colborne ; the second at Port Maitland near the mouth 
of the Grand River, also on the Lake Erie side ; the third at or 
near Chippewa, a small port on the Niagara River, two miles above 
the -Falls. The supply of water for the canal is taken from the 
Grand River at Dunville, conveyed by a cut to near Port Mait- 
land, and onwards into the main canal by the feeder branch. The 
exit from the canal into Lake Ontario is at Port Dalhousic, nearly 
due north of its entrance from Lake Eric The length of canal 
and navigation may be thus estimated in detail: — 


Main Canal. 

From shore of Lake Erie to Colborne ) 
Lock No. 27 / 

From Lock No 27 to Junction 
From Junction to branch into 1 
Chippewa River f 

Onwards to Port Robinson, and | 
second entrance to Chippewa River / 

Onwards to Allanburgh Lock, No. 26 . 
From this to Thorold Lock, No. 25 
From this to Twelve-mile Creek 
Onw ard», to LockNo 1 , near Lake Ontario 


Grand River Feeder and Branch. 
Dunville supply channel to Junction 
From Junction to junction with main 
canal ... 

Branch to Port Maitland 


Length, Depth, Rise, 

miles. feet. feet. 


i 8 


7} 

” / s-5 i 

1 


3? 

Up 


' Fall. 

=1 

, -si 

3r 

„ 13* 

si 

„ 306 

3 1 

11 0 

*7l 

326$ 


Fall. 

5 

9 — 

16 

9 — 

if 

9 75 


= 2} 

n 


Chifprxa Navigation. 

From Tort Robinson to Port Chippewa 
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The bed width of the canal varies from 50 feet to 70 feet ; in 
the rock cutting where the sides are vertical it is 58 feet ; and 
through the rest of the “summit level,” including the “ deep cut,*' 
ii miles long between Port Robinson and Allanburgh Lock, 
it is 50 feet wide. The canal is regulated for the passage of 
vessels 145 feet long, 26 feet broad, and 9 feet draught; the 
tonnage of the largest vessels using it is 400 tons, but they 
seldom carry more than 300 tons, or 4 000 barrels of flour or 18 000 
bushels of grain 

There are 24 locks 150 feet by 26! feet; 2 large locks, Nos. 1 
and 2, which are 200 feet by 45 feet, and a guard lock, No. 27, 
which is 230 feet by 45 feet ; the least depth on sills is 10 feet. 
The details of these and other works, now superseded by modern 
improvement, correspond to those of the Lachine Canal gene- 
rally, which have been described 

The entrance from Lake Eric is formed by piers of cribworki 
the western one 1 600 feet long, the eastern one 500 feet ; at the 
shore line they arc 1 50 feet apart. At the land end of these piers 
is a basin 1475 feet long, extending to Port Colborne Lock No. 
27; the basin has an average width of 265 feet, and a depth of 
1 1 feet to 1 8J feet, varying with water level of the Lake. Colborne 
Lock has a rising lift of 8 feet to a summit level reach, which 
extends for 14$- miles to Allanburgh Lock No. 26. In dry seasons 
the supply from the feeder is barely enough to maintain the 
navigable depth required. The existing depth of cutting through 
the ridge of land is 45 feet, and, unfortunately, 15 feet deep of 
spoil has been piled near the edge of this, making in all 60 feet; 
while the soil, composed of stiff clay resting on shifting sand, is 
liable to landslips. 

After the fall of 1 5i feet at the Allanburgh Lock is a reach 
crossing the "Beaver’s Dams Creek” between high embankments, 
passing “Marlatt’s Pond,” a natural sheet of water, and ending at 
Thorold’s Lock No. 25. The next reach passes through the village 
of Thorold and descends 306 feet by means of 24 locks in a 
distance of 5 ^ miles ; dropping at the end into “Twelve-mile 
Creek,” which is ponded up by a dam at its outlet near 
Lake Ontario for 35 miles. Lock No. 1 passes the navi- 
gation from an inner basin of about 40 acres, by this ponded 
creek, into an outer basin of about 8 acres. From this, crib- 
work piers 1 800 feet long and 200 feet apart run out, pre- 
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serving a sheltered channel, which is maintained by dredging, 
into deep water in Lake Ontario. 

The branch and feeder from Dunville has a navigable depth 
of g feet throughout its entire length ; the aqueduct across 
the Chippewa River is about one mile below the junction of the 
branch ; it has four arches of 40 feet span and 7 feet rise ; near 
this is a lock having a drop of 17 feet, communicating with the 
Chippewa River. 

The towing on the long “ summit level ” reach is generally done 
by steam tugs, that on the short reaches between locks by horses. 
The trip through the mam canal takes 20 to 24 hours in steamers, 
and 30 to 48 hours in towed sailing vessels. The cost of the works 
up to this period of complete construction in 1867 is said to be 
;£l 527 G 48 . For several years after the construction of the works 
just described, the canal and its locks were large enough for all 
craft then existing on the lakes. In modern times economy of 
freight has caused larger steamers and vessels to be made there, 
w hich could not pass through. 

In August, 1873, new works were commenced at an estimate of 
j £2 310 000 for enlarging the Welland Canal so as to render it fit 
for the passage of the largest vessels likely to navigate the lakes 
250 feet long, 38 feet broad, and drawing 14 feet of water, with 
a depth of hold of 2 1 feet. 

The size of such a vessel was then determined from local 
economic considerations, being larger than the Erie Canal could 
pass, and about the largest that could conveniently pass into Lake 
Huron and the upper large lakes over the various rapids and 
shallows, and would admit of easy handling in the lake harbours 
Hut before the completion of some of the enlargements in 1881, 
far larger vessels were used on the upper lakes for economy 
of grain transport: about 20 vessels existed of more than 
i 500 tons while 40 vessels of more than 2 000 tons were then 
being built 

Thus the providential arrangements did not include everything ; 
while as regards passage of 1 500 ton vessels to the ocean for 
winter employment, the shallowness of the Cornwall and Beau- 
harnois Canals presented a further obstacle to be remedied. 

In August, 1881, the works of enlargement w ere so far complete 
as to allow’ of the use of the Welland Canal in its altered and 
enlarged condition 
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The Recent Works. — Among the achievements effected are: — 

1. The supply of the whole canal direct from Lake Erie. 

2. The enlargement of the bed width to ioo feet, and the depth to 

1 5 feet of water. 

3. The enlargement of locks to dimensions 270 feet by 45 feet, 

with depth on sills of 13 or 14 feet ; all of them being single 
locks, and having regulating weirs attached 

4. The separation of all locks by reaches of 1 000 feet, originally 

determined, has not been rigidly adhered to ; a few are 
about 800 feet apart 

5. The construction of side reservoirs and side channels to reduce 

the immediate loss of navigable depth in short reaches 
caused by lockage. 

6. A new alignment of canal from Allanburgh Lock down to Port 

Dalhousic, with longer and more gradual descent. 

7 Extensions and improvements of the harbour and basins at 
Port Colborne. 

The new portion of canal from the junction to Port Dalhousie 
is ii£ miles long; while the total length from Port Colborne to 
Port Dalhousie is 26?, saving nearly three-quarters of a mile of 
distance, as the old line was tortuous, though the detour from the 
straight was less in the extreme. 

The summit level of the new canal extends from above Thorold, 
though it was originally intended to deepen and use the old reach 
of 3! miles. The trace passes then through a ravine forming 
the head of the “ Ten-mile Creek,” and descends the Niagara 
escarpment at the bend it forms at the extreme east of the 
canal trace. 

From this point it turns to the north-west and has a nearly 
straight reach to a point east of St. Catherine’s Cemetery, where 
it bends again to the west. Partly following May’s Ravine, the 
new canal has its third and last reach, which ends in the harbour 
of the “ Twelve-mile Creek," opening into the basin of the old 
canal, about half a mile from Port Dalhousie. 

There are 25 locks in the new canal, of which 7 are below 
St. Catherine’s, and 18 above it; also one guard lock. 

The extreme difficulties imposed by the railways and roads 
have been met by six swing bridges passing over the canal and 
two tunnels passing under it. The extensive modification of the 
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aqueduct over the Welland River down to a lower level is a matter 
requiring plans for explanation. 

The estimated cost of this part of the works (the new portion) 
was 295 000 ; the estimated quantities were . 


Earthwork 
Rock 
Masonry 
Timber .. 


Cubic Rods.* 
9450° 
... 4 7=5 

8 910 


Squares.* 


Planking, reduced to 1 ] 
inch thick by Board > 40 000 
measure J 


Proceeding to details of these works on the new portion of canal . 

The side slopes of the canal, both in bank and in cutting are 

2 to one, without any berm ; the tow-path is r 5 feet wide and 

3 feet above water surface ; the inner slope is protected against 
wash by a pitching of quarry chips, for two or three feet above 
and below water level. In the work of excavation, ploughs and 
excavating scoops drawn by horses were largely used for surface 
work ; for facework in earth in deep cuttings, the “ Otis ” scoops, 
worked by portable steam-engines, were used , for facework in 
rock, steam drilling and blasting was followed by the use of 
the Otis scoops in the same way In dredging the channel in 
Dalhousie harbour, the Otis dredgers brought up clay and loaded 
“ Scows ” and mud barges with it 

All the locks, even on stratified limestone, are built on plat- 
forms of pine timber. On a very soft bottom, concrete is laid below 
the platform Baulks one foot square are laid half a foot apart, 
the spaces are filled with concrete or rammed puddle , over them 
is laid a three-inch course of planking, over that a two-inch 
course of planking. Under sill trusses the baulks are laid side by 
side and screwed together with wrought-iron screw-bolts. There 
arc also rows of sheet-piling five feet deep at the upper and lower 
ends of each sill, and at the lower end of each tail-bay. In sound 
rock the sills are bolted down to the rock. 

The masonry in the lock walling is made of a blue limestone 
quarried near the Niagara escarpment , also of a light grey lime- 
stone from the bank of the Niagara ; the coping-stone from Point 
Fel£e on Lake Erie. The mortar used is one part of hydraulic 
cement, made from stone near at hand, and two parts of coarse 

• The Cubic Rod of iodo cubic feet, end Ihe Square, or Square Rod, of 100 
square feet, are the units above used. 
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sand. AH backing consists of stones not less than four square feet 
In area and half a foot thick, laid level, no pinning being allowed. 
Puddle three feet thick is put at the back pf the walls. The 
details of the design of the locks can be best obtained from 
drawings. 

The lock gates resemble those of the newer sort on the Lachine 
Canals already described ; they are worked with drag chains and 
winches, and have pairs of cast iron valves, worked with cranked 
rods, for letting water in or out. Culverts are not used at all 
for this purpose. 

The regulating weirs are built on timber platforms, close to each 
lock, and have an upper and a lower channel attached for receiving 
water from an upper reach and discharging into a lower one; 
these with the side reservoir beyond the weir form the regulating 
works Their spillways arc 58 feet long and their details 
resemble those on the Lachine Canal generally . 

The swing bridges are built on timber platforms, and have 
roadways 15 feet wide; the rest-piers, 6 feet wide, are in the 
middle of the canal, but have a through archway for passing 
water. The tunnel for the Great Western Railway is 16 feet wide, 
with a dear height of 18 feet above rail level to crown of 
arch. The arch is composed of limestone blocks in a ring 26 
inches deep 

The drainage works are veiy small, as the canal is nearly 
parallel to the chief drainage line of the tract of country. The 
small amount to be dealt with is mostly diverted, and passed 
in an inverted syphon of two arched vents, each of 8 feet ; the 
foundations for these are of timber (sic), laid 10} feet below the 
bed of the canal ; there is a fall of three feet between the top of 
the upstream well and that of the down stream well. The whole 
culvert is covered with a bed of puddle 2 feet thick. 

The improvements at Port Colborne consist of an extension 
of the basin to an increased area of 12 acres and depth of 
IS feet; a channel entrance 15 or 14 feet deep; and a new 
outer harbour of 40 acres formed by a breakwater 2 000 feet long- 
on a reef running out from the shore in a diagonal direction. 

The improvements near Port Dalhousie, in the harbour of the 
“Twelve-mile Creek,” consist of an enlargement of the basin to 
an area of 16 acres, and of its depth to 17 feet; thus providing 
shelter for more than 100 vessels. 
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Probably some further improxcmcnts and alterations were tn ad' 
after 1881 ; but about this progress details arc not given. 

In 1884 the condition is thus stated in the Annual Report ; 

Passage is now afforded, at all stages of water level in Lake Eri'\ 
to vessels drawing 12 feet of water, except at the point where the 
canal is in aqueduct over the Chippewa River. Here the nee/ •>- 
sity of using the old work during the building of the cnlarg* d 
aqueduct renders care needful ; self-propelling vessels should not 
exceed ii£ feet in draught, and vessels in tow 12 feet. Also, 
during strong easterly winds, combined with low water level in 
Lake Erie, the draught of any vessel should not exceed 1 1 $ feet. 
The Welland Canal has one entrance from Lake Ontario at Port 
Dalhousic, and two entrances from Lake Erie ; one for the main 
canal at Port Colbomc, the other for the feeder at Port Maitland ; 
it has also still an entrance from the Niagara River at Chippewa 
town. The enlarged route lies between Port Dalhousic and Port 
Colborne ; from Port Colbome to Allanburgh, 1 5 miles, there is 
one enlarged channel; from Allanburgh to Port Dalhousic, uj 
miles, there are two channels, the old one and the new one. 

The details in 1884 were thus 


Main Canals 


Total length of canal in miles . ni jj C5 

Number of locks (cxcl 1 guard lock) 2S 

Dimensions of locks - • • a11 2 7o ^45 feet. 

Total fall between lakes 326J (< 

Depth of water on sills in feet 1 2 tt 


Welland diner Branches. 

Length from Port Robinson Cut to River Welland 

From Canal at Welland to river by Aqueduct lock 

From Chippewa Cut to River Niagara 

Number of locks: 1 at Aqueduct, 1 at Pl Robinson 

Dimensions of locks 

Total fall from Canal to River 

Depth on sills 

Grand Hirer Feeder. 


2 622 f ee t. 
3°° „ 

1 020 »» 

2 

150x26$ feet, 
ro ,, 

„ 


Length of canal . , 21 ^iles. 

Number of locks 2 ; I hmensions .50x26$ and 200 x 45 feet. 

Total fall to junction — • - 7 to 8 „ 

Depth on sills ... • • • 9 
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Port Maitland Branch. 

This is if miles long, and has i lock, 185 by 45 feet. 

The total fall is 7} feet, and the depth on sill 1 1 feet. 

Half the new Aqueduct was finished and used ; and the rock 
cutting between Humberstone and Port Colborne was nearly 
completed in 1884. The minimum depth on sills at ports was 
thus during the season of 1883 : — 

Old lock. New lock. 

Port Colborne 12 feet 14 feet in November. 

Port Dalhouste . 13 „ 15} „ „ 

Sanlt St. Marie Canal — This is a short canal across a point 
of land at the entrance to Lake Superior ; it is about a mile 
in length, and has one lock with the large lift of 18 feet. Its 
chamber is 515 feet long and 80 feet wide, with 1 6 feet depth of 
water on sills. 

This canal is in United States territory , but is here mentioned 
as it completes the chain of navigable communication, and as 
there is not any corresponding canal on the Canadian side of the 
frontier that serves the same purpose. 


PROJECTS. 

Connection with the Winnipeg Catchment . — After the future com* 
pletion of any intended Canadian navigable communication into 
Lake Superior, independent of the Saint Marie Canal, the next 
important extension should evidently be a navigable opening into 
the Winnipeg series of navigable communications. 

It is noticeable that the frontier line on the west of Lake 
Superior falls most unfortunately as regards the public advantage 
both to Canada and the United States. There are wedges of 
the Winnipeg catchment belonging to the United States ; while 
further west, strips of the Missouri catchment are in Canadian 
territory; a state of things requiring mutual concession and re- 
adjustment in the interests of both countries. 

The Winnipeg catchment possesses great advantages in natu- 
ral lines of waterway ; the Great Saskachewan River rising in the 
Rocky Mountains is 1 500 miles long, of which the 1 000 miles below 
Fort Edmonton are navigable for steamers ; the South Saskachc* 
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wan River is navigable below Medicine Hat to its confluence ; the 
Red River of the North is navigable for 400 miles ; also parts of the 
Qu’AppcIle and the Assiniboine for 320 miles. Lake Winnipeg, 
280 miles long, discharges into the Nelson River, which affords a 
short communication of 212 miles with Hudson Bay, where 
it discharges at a port, partly blocked by a sand bar, which is 
open for four months in the year to ocean traffic. 

The connecting navigation (Superior and Winnipeg) would 
not be excessively costly in construction 

Through Ship Route . — The entire navigation comprised in the 
before-mentioned existing and intended parts, would extend from 
Quebec through Lakes Superior and Winnipeg to Port Nelson in 
Hudson Bay. Eventually sea-going vessels of 1 000 tons should 
be able to pass through The early completion of this achieve- 
ment will create the prosperity of the Dominion on a scale not 
to be attained by any amount of railway extension. It is not 
possible to obtain the distances and heights above mean sea 
level of points all along this route with accuracy , the following 
are partly approximative. 
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Of the difficulties presented by any project of a through 
ship route, there is no doubt. A navigable depth of 14 feet 
throughout would be necessary. At present it is said that 
generally throughout Lake Winnipeg the ordinary navigable 
depth is 12 feet ; though a deep channel might be found. As to 
the course of the Nelson River; this falls 710 feet in 312 miles, 
draining an area larger than the Gangetic basin, it is obstructed 
by numerous falls and rapids, both above Split Lake and below 
it ; and terminates at Port Nelson an open roadstead, 160 miles 
from the nearest good natural harbour, Churchill Harbour. The 
difficulties would, however, not be insurmountable nor incon- 
venient for descending vessels; there are, besides, alternative 
routes, one below Split Lake by the Little Churchill River to 
Churchill Harbour, the other by Knee Lake and Hayes River 
to York Factory. 

At one time the idea of ocean-shipping traversing the Saint 
Lawrence was deemed chimerical. 

Other future Projects — Among these, the most probable 
appear to be : — 1 A short cut from Lake Winnipegosis to Cedar 
Lake. 2. A short cut from the river Assiniboine into the Swan 
River near Port Pelly. 3. The improvement of the Qu’Appelle 
river 4 A supply to the upper part of the Qu’Appelle river 
from the Old Wives’ Lake catchment, and perhaps also from the 
South Saskachevvan River at The Elbow or at Thunder Creek. 
If these latter are practicable, the next would be : 6. Through 
navigation by the Qu’Appelle and the South Saskachewan to 
Medicine Hat, and perhaps higher, to near the foot of the lower 
ranges of the Rocky Mountains. 
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Average Highest Monthly Temperatures tor various places from Three or more Years’ Observations. 
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Averace Lowest Monthly Temperatures foe vaeious places from Theee or more Years' Observations. 
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Winnipeg - 35'9 - 33*2 -29"$ i'o 25-4 38- r 4 1-2 40-4 afi'i 81 - 28'8 -34*2 -38*6 

British Columbia. 

Spence’s Bridge - 7-7 - 5*3 i6'5 3*7 39'4 47‘° 53‘° 497 3 6 '3 27-0 2*3 - 2 7 - 167 


Must Monthly RAinrux. ix Ikciies fb various puces from three or more yeyrs' Observations 
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Duration op Winter at Montreal and Toronto, prom Twenty-six Years’ Observations. 
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Temperature, Humidity, and Precipitation, at Montreal. 
From the Record of the McGill College Observatory, — C. H. McLeod, 
Superintendent. 

(Saturation 100.) 

RELATIVE HUMIDITY. 

Jtaiih ' " 

1875. 1876. 1877. 1878. 1879 1880 for the* 

Month 

January 81 78 79 81 82 ! 78 79' 8 

February 78 77 78 73 75 ] 74 75‘7 

March 76 77 76 72 82 I 69 75'3 

April ... 67 68 62 79 62 69 67'8 

May ... 69 J 70 60 70 62 64 65 8 

June .. .. 72 1 73 6 7 64 74 67 69‘S 

July 75 73 68 62 71 67 69-3 

August 77 69 76 75 70 68 72*5 

September ... 76 81 71 75 74 74 75*2 

October 80 79 78 78 71 78 77-3 

November 80 83 84 82 79 79 81*2 

December ... . 84 82 82 80 80 82 8t 7 

Yearly Means. 76’4 75'9 73*4 74 2 j 73'5 j 7**5 74 3 


Table showing the Number of Days on which the Mean Tem- 
perature HAS BEEN BELOW ZERO, 30“, 40°, &.C , AT MONTREAL. 


Year. 

At and 
below 
Zero. 

At and I 
below 

3 *° 1 

At and 1 
below I 

40°. | 

At and 1 
below I 
50° 1 

At and 
below 
60". 

At and 1 
below | 
70’ 

At and 1 

Sj°. 

Aland 

below 

1 90" 


23 

1 45 

186 

239 1 

262 j 

336 

365 

365 

1876 

1 1 

1 18 

1S1 

22S j 

275 i 

3*7 

3 61 

366 

1S77 

7 

1 to 

163 

208 

249 

320 

3 6 5 

3<>5 

1878 

5 

95 

156 

190 

253 , 

330 | 

3 61 

3''5 

1879... . 

9 

'37 

164 

1 98 

264 

342 

365 

36s 

1880 . • 

12 

>3° 

*73 

206 

252 

307 1 

36G 

3<>6 

Means ... 

1 I 

122 170 j 

2 1 1 1 

! 259 

3*’5 

304 

365 


The rve«itemj>, or the *u during Nov Dec Jan. leb iM»t. (1875 to tSSoJwa* 11 1 
„ max. w „ „ „ „ m 575 

,, mean >, M April, May, an J Octol-eT, ,, „ ?4 - 4 


Jane, July, Auj and Sep*. 
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Rainfall in Inches at Montreal. 


Month. 

1875. 

1876. 

1877. 

1878. 

1S79. 

1880. 

Mean 
or six 
Yeats. 

January 

O'OO 

1-87 

0*1 2 

0*40 

0*00 

1*27 

0*16 

February 

0*42 

1*12 

°’34 

0*28 

0-03 

1*14 

°'55 

March . . 

O'So 

074 

273 

058 

I ‘2 3 

0*04 

1*02 

April 

rx8 

1-03 

1*98 

3*S5 

0*27 

3'*7 

i*86 

May ... . 

5-13 

3'45 

0*62 

4 *n 

0*80 

2*97 

2S S 

June 

3-26 

3*21 

2'35 

i*i8 

4*82 

3*2 7 

3'oi 

July . . . 

3*^4 

4*33 

3‘ 6 5 

5‘47 

479 

5 '35 

4‘54 

August . .. 

2 '59 

1 '98 

3’5° 

3 '95 

1*40 

1 '44 

2 '4 8 

September .. 

5' x 3 

5'5i 

*'5o 

x ’59 

3-iS 

2*83 

3*3° 

October 

474 

2 64 

3^9 

5 '39 

1*70 

4'44 

3’6o 

November 

0*50 

1 76 

4*3* 

3‘47 

2 *8 1 

y 6 i 

*75 

December 

068 

0-00 

* 1 7 

270 

x ’74 

O 29 

1*10 

Means & Sums 


31 


Hal 



m 


Snowfall in Inches at Montreal. 


Month. 

1875- 

1876. 

is??. 

1878. 

1879. 

1880. 

Mean 
of Six 
Years 

January . . 

35'° 

27*4 

2 3'3 

! 

3°'5 

39'5 

16*3 

28 7 

February . J 

12 9 

27'S 

3'6 

10*2 | 

2 7‘4 

26*0 

17*9 

March . 

14.6 

45'6 

22 4 

T 9'4 

32-6 

25 1 

266 

April . 

7'3 

12*0 

10*2 

2.3 

6-9 

8-6 

7'9 

May 

0*0 

<»3 

o-o 

1*0 

o-o 

0*0 

0*2 

June 

July ... . 

August 

September . J 
October 

0*0 

II 

1*0 

5 4 

0*i 

0*0 

3'i 

x*6 

November ..J 

21.7 

0*7 

5‘i 

14*6 

i6-8 

12*7 

ri*9 

December 

24*2 

fi! 

4*3 

32*8 

37 4 

17*6 

23*3 

Means & Sums 

l 

BES 

138*1 

74-3 

ixo*9 

160 *6 

109*4 

118*2 


Note.— T he depth ol melted snow is taken at one-tenth the snowfall. 
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Rainfall in Inches at Montreal. 


Month. 

1875. 

1876. 

1877. 

1878. 

1879, 

1880. 

Mean 
of Six 
Years. 

January 

O'QO 

i-8 7 

O' 1 2 

o’40 

o*oo 

1-27 

0‘i6 

February 

0*42 

i'i 2 

°‘34 

0*28 

°’°3 

r'i4 

°’55 

March 

a 'So 

°*74 

2 73 

0-58 

1*23 

C04 

r'02 

April 

rr8 

103 

r 9 8 

3’5S 

0*27 

3"*7 

i*86 

May 

5"i3 

3-45 

0*62 

4’” 

O' 80 

2‘97 

*’8S 

June ... ... 

3‘26 

3-21 

2 ’35 

X’i8 

4'82 

3' 2 7 

3"oi 

July . . 

3'&4 

4‘33 

3’65 

5'47 

479 

5*35 

4 "54 

August . 

2 "59 

fqS 

3'5° 

3'95 

1 40 

I "44 

2-48 

September . . 

5**3 

S’5 1 

1-50 

1 ‘59 

3*18 

2-83 

3*30 

October 

474 

2-64 

3’i9 

5 39 

170 

4‘44 

3 60 

November . . 

0*50 

1 76 

4’3* 

3*47 

2'8i 

3*63 

2*7 S 

December 

068 

0 00 

1 17 

270 

x *74 

0*29 

1*10 

Means & Sums 

SB. 

IB 

m 


'wm\ 




Snowfall in Inches at Montreal. 


Month. 

■875. 

1876. 

1877. 

1878. 

1879. 

1880. 

Mean 
of S'x 
Years. 

January 

35"° 

27-4 

23"3 

3° ‘5 

39'5 

16*3 

28*7 

February 

I 2 - 9 

27-5 

36 

10*2 

27*4 

26 0 

i7"9 

March ... 

14 6 

45-6 

22 *4 

19*4 

32*6 

25*1 

266 

April 

7‘3 

12*0 

10*2 

2 "3 

6*9 

8*6 

7'9 

May . ... 

O'O 

03 

O O 

1*0 

0*0 

0*0 

0*2 

June 

July ... . 

August 

September ... 
October 

O'O 

1*0 

5 "4 

0*1 

0*0 

3"* 

i*6 

November ... 

21.7 


5"i 

14 6 

16*8 

t2*7 

""9 

December ... 

24 2 

2*36 

4"3 

32*8 

37 "4 

17*6 

23*3 

Means & Sums 

II 5'7 

I38"I 

74-3 

iio *9 

160*6 

109*4 

118*2 


Note. — T he depth of melted snow is taken at one-tenth the snowfall. 
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EGYPT. — Area and Population according to 


Mudiriah. 

Districts. 

Towns. 

Villages. 

In 1872 

Areairrigated. 
Feddans or 

Upper Egypt — x. Esnah 

3 

2 

87 

r3r74 0 

2. Kenekossir ... . 


s 

102 

263 023 

3. Girgah 

4 


188 

330176 

4 . Assiut 

5 

4 

281 

421 102 


16 

15 

658 

I 146 041 

MiddleEgypt— r. Miniah and Benimazar 

4 

2 

259 

392 77S 

2. Bemsuef 



69 

228 782 

3. Fayum 

3 

I 

86 

206 056 


10 

6 

414 

827 6l6 

Lower Egypt— 1. Gizah 

3 

3 

160 

I70943 

{ 2. Galliubiah 

3 

3 

159 

l8l 115 

E. -U. Sharkiah 

S 

11 

429 

4°4 493 

(4. Dahkaliah 

4 

4 

437 

4«9 6 3 6 

r J 5. Manufiah 

S 

T 3 

33 1 

352 «53 

v - ] 6 . Gaibiah 

10 

36 

484 

747 883 

W. 7, Bebera.,, 

5 

22 

- 253 

364 240 


35 

92 

2253 

2 65° 563 

Rural Egypt 

61 

”3 

3 325 

4 624 220 


Large Towns. — Cairo 

Alexandria 

Damiat 

Rashid 

Suez 

Port Said 
Israailiah 


Urban Population 
All Egypt 


+ The feddan used in these 
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Official Returns in 1872 and 1882. 


Rural Egyptian Population, 

11 Much, 1872. 

Migratory Arabs in 1871. 

Population in 1882. 

25* 742 

19470 

182 200 

297614 

70 

256 195 

378 237 

— 

3=2920 

433 111 

— 

582435 

i 36° 7°4 

19 540 

* 343 75o 

3*5 096 

2 500 

344 775 

1255“ 

— 

*76015 

154 i6 j 

5896 

202510 

604 774 

8 39 6 

723 300 

*53 745 


245 835 

190964 

2 OOO 

240 255 

401 287 

— 

400 030 

500 304 

220 

4*4 275 

447 9*7 

70 

S°5 3*5 

629 763 

— 

686 610 

U 3 55« 

9000 

=S 9 8S S 

2 537 536 

II 29O 

2 752 005 

4 5°3 °*4 

39 226 

4819055 

Egj-ptians in 1S72. 

Europeans in 1S71 * 


333 780 

19 120 

446 I44 

164 718 

47 3*6 

2 27 040 

=9 333 

5® 

29 665 

14992 

10 

I3870 

II 09S 

2 400 

9 7*5 

4461 

4 210 

*SS*o 

4236 

1 110 

| 8421 

562618 

74216 

\ 750 365 

5 065 632 

*13442 

' s 569 420 


tables it »n English sere. 
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The following are the main divisions of the Nile basin : — 


Square Wiles. 

I. Lake Catchments, and Lake Surfaces . . .. 205 781 

II. Elevated Tablelands ... ... 282308 

III. Flams South of Khartum . . .... 505427 

V. The Nile Valley North of Khartum . .175116 


Total . r 168632 


These four main divisions may be thus sub-divided in accord- 
ance with meteorologic conditions : — 

I. Lake Series Square Miles. 

1 The lake surfaces of Nyanza, Baringo and Lutanzige ... 44 593 

2 Their catchments, mostly in plains 161 188 


II. Table Lands: — 

1 The elevated Table-lands of the Sobat Basin .. 

2 Those of the Yabus and Gojeb Basins ... 

3 Those of the Abai or Middle Abyssinia .. 

4 Those of the Takazza in Northern Abyssinia ... 

III. Southern Plains : — 

1 Plains and Hills of Darfur 

2 Those of the Basin of the Ghazal 

3 Betwen the White Nile and the Sobat — long strip 

4 Between the White and Blue Niles 

5 Plains right bank of Blue Nile .. 

IV. The Nile valley below Khartum : — 

1 Valley from Khartum to Takazza confluence 

2 „ Takazza confluence to Cairo 

3 Surface of the Delta 


70382 
8 S 785 
92424 

33 7*4 


139081 
161 897 
86 453 
54 087 
63 909 


44428 
123 082 
8 606 
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Navigability of the Nile in Nubia and Dongola. 


Khartum to Shendy 

From Khartum downwards 

nasigable 

Miles. 

. 1 14 

Shendy to El Kab 


... . 3 cataracts 

... 267 

El Kab to Umderas 


continuous rapids 

22 

Umderas to Gerindid 


.. . . 7 cataracts 

... S° 

Gerindid to Dalah 


.. . cataracts ... . 

367 

Dalah to Wadi Haifa 


.. . 9 cataracts 

. . 86 

Wade Haifa to PhiJoc 


. navigable 

— 249 

Philoc to Assuan .. 


1 cataract 

7 


i i6z 


Assuan to Esnah . 

. navigable ... 

99 

Esnah to Siyut 

. . na\ igable 

- • - 23 1 


33Q 

Note.—-' T he officiat reductions are full of mistakes. 


Lengths and Surfaces of the Nile in Egypt. 
From Assuan dots nwards. 


Mudimhs 

Length, 
in leet 

Aserage 
\\ idtb, 
in feet. 

Surface , 
in acres 

f 1. Esnah 

1 2. Kenah 

I 3 Girgah . . 

\ 4 Sijut 

f 1 Miniah and Rem- \ 

-< marar i 

( 2. Rcmsucf ... . 

1. Gizah 

744 000 
540 000 
45° 696 
432 000 

422 520 

288 000 
387 13, 

2 400 to 3 OOO 

2 400 

3 900 to 4 320 
3 000 to 4 200 

2 700 

G 000 to 7 200 
2 400 to 3 OOO 

4 8G 73 
29 754 
42 5«9 
4 g S 79 
26 19° 
41 15** 
26 468 


3 sGj 37 s 

- 

2G1 341 

Dam to Damiid 

Dam to Rashid 

744 000 

73 s 492 

720 to 2 484 

I 440 tO 2 l60 

3« g 47 
3* *33 


1 4S2492 

- 

62 SSo 

Total, with branches 

4 746840 

— 

324 221 
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The altitudes along the course of the river are these : — 

Mean 


Altitudes, 
in feet. 

On the White Nile. 

Distances, 
in miles. 

Falls, 
in feet. 

Slopes. 

S. per 1000. 

3553’ 

3249* 

3337’ 

2249* 

2019* 

i7 2 3*5 

Lake Nyanza to Karuma 
Karuma to Lake Lutaruigc 
Lake Lutanzige to Galuffih 
Galuffih to Gondokoro 
Gondokoro to Lake Noo 
Like Noo to Khartum 

... 186* 

... 106- 
... 1 1 2* 

... 149* 

... 615* 

••• 777* 

304* 

912* 

88* 

230* 

2 95'S 

410' 

rapids 

0*1500 

cataracts. 

0-0900 

O'lOOO 


/I.. 1 1 * a TUtt* /• 

*945" 

2239-5 


1667*5 

C Jtl T/IC JJlltC 1. lit. 

Fazokl to Khartum 

... 466* 

354* 

0*1500 


On the Main River. 




W5 

3290 

43’5 

Khartum to Assuan 

Assuan to Cairo . 

Cairo to sea at low water 

.n8r* 

622* 

- 120* 

984*5 

285*5 

43 5 

0-1580 

0-0870 

0-0687 



1923' 

* 3 * 3 'S 



RIVERS. 

Tht Nile . — The generally correct knowledge of the hydrology 
of this river seems to have been first diffused by the experienced 
Lombardini in 1864, after the explorations of Burton. Speke, 
Grant, and Baker, and subsequent tothe observations of Kloden, 
Linant, Penny, and Petherick. His account is hence the basis 
from which more recent observers diverge. 

Climatology . — Collecting the then available climatic data for 
the catchments of the Nile, that were used by him : — 

I. Near Lake Nyanza, in 1862 the observations oftheexpedi- 
tion gave 240 rainy days in the year, with tolerably equable 
distribution of 4*345 feet of rainfall ; two rainy seasons, one for 
three months from March to May, giving 1*398 feet of rainfall, 
the other for two months, October and November, giving 1*250 
feet. The mean monthly temperature was 70° F. ; the lowest 
minimum monthly 53* i n December, and the highest monthly 88° 
in August (Galton Proa Geogr. Soc., 1853). 

II. To the table-lands of Abyssinia the rain is brought from 
the Indian Ocean by the E. and S.E. winds, and the humidity 
of the air is excessive; the rainy season, or Kharif, is the 
winter. The rainfall at Intetshao (lat. 14* 17') in 1841 was 
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during April, May, and June 0583 feet; during July, August, 
and September i* 9S6 feet; in all 2’5(>9 feet. In the mountains, 
rain or snow falls throughout the year at intervals, but the 
winter snow falls on them before the vernal equinox. The 
temperature in the Kolias 4 Coo to 6 500 feet above mean sea 
level, varies from 77* F. 1098*; in the Vainadegas, altitude 6 500 
to 8 SOO, it is between 57* and 80*; in the Degas, altitude 8 500 
to 9 800, it is between 32* and 62* F. 

III. As to the Southern Plain catchments. First, for Darfur 
little or no information is available ; but for Kordofan, there 
is solely the small amount gleaned at El Obed (lat 13* 5*), by 
Kinzclbach in 1862, that no rain fell before 22nd June, and that 
the temperature in May varied from S6* to 99' F. In the Ghazal 
Basin, the observations of Brun-Rollct in 1856, at lat. 9* 16', near 
its confluence with the Nile, shows three falls of rain in April, 
eleven in May, four in the first ten days of June, after which 
they probably continue till September; the temperature varied 
between 77* and 102* F. 

For the plains between the White Nile, or Kir, and the Sobat, 
there are some observations taken atGondokoro.Iat.s'.by Dovyak 
in 1853 The periodical intcrtropical rains prevail throughout 
the whole year in the regions from the Equator northward. 
There arc two rainy seasons at Gondokoro, one from February 
to May, in which there were 44 rainy days ; the other lasting 
during August only, in which there were 12 rainy days, the 
rest of the year giving only 31. The amount of fall was not 
recorded ; but the mean yearly temperature was about 83' F, 
while that for from June to November was only 79' 

For the plains between the White and Blue Niles, there were 
observations made in Scnnaar, between JaL 15* and 1 1\ in 1SG0. 
The rains there commence in May and end in October, the fall 
occurs generally at night, and they are of a stormy sort ; the 
heat is excessive after rain. 

. At Khartum, the observations of Dovyak in 1SS2 gav c 21 rainy 
and 1 2 cloudy days out of 144; there is rarely rain in Mayandjune, 
the annual rain falling between July and October. The mean day 
temperature in the shade was 90*, the extremes being 83* and 04*. 

For the plains on the right bank of the Blue Nile there is ro 
climatic information beyond that given generally for Sennaar. 

IV. For the conditions of the Nile Valiev- — from Khartum 
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to Assuan, the valley is generally nearly rainless. In Middle 
Egypt, from Assuan to Siyut, the rainfall is exceedingly small, 
the mean temperature is from 93' to 101*, but on one or two 
occasions ice has been seen in January. At Cairo, the average 
number of rainy days is 7, giving a fall of o*io foot ; the mean 
of the annual maximum temperature is 72 s F.; the mean 
monthly temperature varies from 55° in January and February 
to 86* in July and August. 

At Alexandria, there are 40 showery days on an average. At 
Port Said, in 1863, the total annual rainfall was only 053 foot. 

Water Levels and Discharges — It seems that the variations 
in the water level of Lake Nyanza, as well as those of the other 
two equatorial lakes, are now small both annually and from 
year to year ; also that the discharges from them are now com- 
paratively insignificant If such be the case, the balance of 
rainfall and evaporation must on the whole be very even, and 
the data of supply may be roughly these : — 

Supply from Lake Catchments. Cubic feet per second. 

4*4063 feet of rainfall in a year. 

3*9371 11 evaporated „ 

0*4692 feet drained from 161 188 square miles = 57 707 

Supply from Lake Surfaces. 

2*9528 feet of rainfall in a year. 

3*9371 » evaporated „ 

0*9843 feet of loss, from 44 593 square miles = 33 49 2 

Rate of annual discharge = 24 215 

If this be divided in the ratio of the three Jake-surfaces, it gives 
only 2421 cubic feet per second as due to Lake Baringo, the 
rest to the other two 

We may assume from the observations of the explorers that the 
whole of this efflux passes eventually into the White Nile ; that 
from Lake Baringo passing into it through the Assua at Galuffih. 

The above quantities are in accordance with the observed low 
water discharge at Khartum after the reception of more supply 
from other streams. They also agree with the account given by 
Speke of the channels leading out of the lakes ; the chief one 
from Lake Nyanza having a breadth of 443 feet and a current 
of 6 feet per second. At or near Gondokoro, the Kir, or White 
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Nile, was 656 feet wide, and from 5 '9 to 8 6 feet deep according 
to Knoblecher (Kloden) ; also at a point one degree below it he 
gives the current at 3*28 feet per second. Taking the average 
depth at 7’2 2 and the section at 4 736 square feet, the current at 
4 1 feet per second at Gondokoro, the discharge there would be 
about 19 424 cubic feet per second. 

There would thus be a loss of about 5 000 cubic feet per second, 
between the lakes and Gondokoro, which may be accounted for 
by some escape into the Jeji, and other overflow to waste. 

Dovyak, who was at Gondokoro in 1853 and 1854, relates 
that the Kir begins to rise in May, and during May and June 
the rise oscillates between 2 and 3 feet above zero In July the 
rise is feet ; in' September, the greatest rise on the 4th Sep. 
tember was feet, and the water fell in the same month to 4 
feet. In October the rise was between 3 and 4I feet above zero; 
this remained during November and December On the 20th 
January, 1854, the water fell to 3 feet, but in January, 1853, it 
had fallen to 0"i6 foot below zero. Noticing that the before, 
mentioned discharge of 19424 cubic feet per second was at low 
water, and at this zero ; the high flood of 4th September, 1853, 
would be about 50 504 cubic feet per second, or even as much as 
56 507, bearing a torrential nature, while the mean flood or high 
water stage of December, amounting to 31 7S5 cubic feet per 
second, was constant, and of lacustrine origin. In lat. O', or one 
degree below Gondokoro, the Kir begins to take a marshy charac- 
ter, which continues until it joins the River Ghazalat Lake Noo: 
the whole of this territory is a swamp divided by many channels. 
At l* below Gondokoro, Harnicr, in 1861, described the Kiras 
rising suddenly on 17th April for several feet, and falling suddenly 
the next day The waters were discoloured and reddish, as in the 
flooded Nile in Egypt. On I ith May, after some days* moderate 
rain, there was a violent storm and very high torrential flood. 
June was rainless, but storms occurred in the middle of July. 
The river continued to rise till the end of September, an excep- 
tional case, and did not begin to fall till the 20th October. 

At a mile below the Makedo Rapid, a place 80 miles from that 
of Hamicr's ob^rvations, Dr. Penny, in (July ?) 1S61, found the 
average depth of the Kir to be 176 feet, the width 147-6 feet, 
and the greatest velocity in the section 9‘?4 feet per second. 

Applying a coefficient of o So to deduce a mean velocity, 



the discharge would be 19 848 cubic feet per second ; thus 
agreeing with the result due to the observations of Knoblecher. 
He also mentions that the low-water state of the Kir in February 
and March is permanent, excepting a flood of a few hours on 
13th February rising 2 feet 

As to the region west of the Kir, and the Upper Ghazal, very 
little is known, in spite of the attempts of Fetherick, Poncct, 
Brun-Rolleh and J Norlang. After 3864, Pcth crick made some 
results known, which do not affect the discharge materially. 

The vast region watered by the River Ghazal and its affluents, 
above Lake Noo,is also little known, its marshy nature rendering 
hydraulic observations difficult. The rainy season there com- 
mences in May, and the rains are strongest in July ; but the 
discharge from the Ghazal commences only in June; thus the 
marshes detain all rainfall for at least a month. Heuglin 
measured the mouth of the Ghazal in February, 1S63 • it was 
1 050 feet wide, with an extreme depth of 13 to 20 feet, but 
with low banks submerged to great depth in high flood. . 

Below Lake Noo, the Keila River after a long course, from 
Darfur, is joined by the Chidi or Shclengo from Darfertit, and 
the combined marshy stream joins the Abiyad or White Nile ; its 
water-levels and discharges are unknown. 

The Zharaf, an affluent on the right bank, also marshy, is 
perhaps an overflow from the Kir. Its discharge is unknown. 

The Sobat, another affluent on the right bank, is a large river, 
but of very small depth in the dry reason, hence torrential by 
nature Its mouth, according to Heuglin (1862-63), was 525 feet 
wide, with lofty banks of clayey soil that are just submerged in 
high flood. 

According to Knoblecher its width was 635 feet; and from its 
conditions its probable high flood discharge may be 7 063, or 
even 8 476 cubic feet per second. 

Below this confluence the White Nile here called the Abiyad, 
receives no important branch above Khartum. 

The floods of the Kir arriving at Gondokoro in May, and 
leaving the Ghazal in June, would naturally not arrive at 
Khartum until July. 

At Khartum as well as at Cairo there is a daily gauge record. 

Noticing the observations of Linant Bey in 1849, near Khar- 
tum, which gave 
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At Low \V*ter. At High YVi-er. 

For the White Nile 104S9 * *3 455 Cubic f:. per second 

For the Blue Nile . . 5615 220629 „ 

For the combined streams — 423 730 „ 

Difference from sum — 10 354 „ 

Lombardini divides the difference proportionately between Coe 
two streams, to correct the separate discharges at high 
making them 208 54S and 215 575 cubic feet per second. 

For the discharge of the Takazza, about 186 miles beloa 
Khartum, Lombardini calculates it roughly from the catch 
ment to be about I 555 cubic feet per second at low walrf, arj'J 
54812 cubic feet per second at high water Adding th'-»/ 
discharges respectively, to obtain Nile discharges below th<- 
Takazza, Lombardini constructs from them a sectional discharge 
formula for various heights of water level above datum, 'lh> 
datum is set at 6 234 feet below low-water level 

Q = 3310-2 (11-3-1825)* 

This formula gives — 

II. u 

Height in feet. Cut*. ft |»r 
For low water 6234 17615 

lor ordinary flood 30 5 78 471 *5'> 

The curves of the annual gauged levels for Khartum /in 
generally unbroken rises and falls of great regularity, owing to 
the large marshes on the White Nile 

At Monfalut below Siyut, Girard estimated the Jow-wiit'» 
discharge on 27th March, 1799. at -3 945 cubic feet per snoinl, 
the section being 12 159 square feet, and the velocity of th< 
thread of the current 24O14 feet per second His deduction 1 ! i.l 
flood discharges are faulty, owing to assuming too gnat a 
hydraulic slope for them. 

Lombardini assumes that the flood slopes arc parallel to tin 
low-water slopes lie estimated a low-water discharge amt a 
mean flood discharge at Cairo, and constructed on that Insis 
sectional discharge-formula — 

(J- 2056-2(11-2 29661* 

giving discharges Q corrt*sj>indmg to heights 11. above dituni 
This datum is set at G004 feet below low -water level This 
formula yields the following results, which accord with his 

observations — 
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Feet. 

Cub. ft. per second. 

At low water .. 

H= 6*004 

Q= 14 676 

In ordinary flood 

30*283 

3°4 425 

For high flood of 1800 

32*120 

334 887 


From such calculated data, in addition to the gauge records of 
a year, he obtains the annual discharges. (The gauge records 
have been kept at Cairo since 1 799, and perhaps much longer.) 

From the pair of hydrometric formulae the annual discharges 
at Cairo and at the confluence of the Takazza in millions of 
cubic feet may be obtained with the help of the annual gauge 
records of water-level ; but it is more convenient to use rates of 
discharge in cubic feet per second, at the distinctive periods. 
The Cairo discharges are taken out for the two years, 1799- 
1800 and 1800-1801, and the mean for the two years is used. 

Rates for Annual Dis- Rates for Annua! Dis 
charge below the Takazza. charge at Cairo. 

Cubic feet per second Cubic feet per second. 
Low water 16057 . ... 6374 

Rising flood 3° 374 19 7?° 

Highest flood. . 61638 29 3*3 

Falling flood 21176 SS 3 2 4 

Annually ... 129245 110781 

In comparing these two sets of discharges, it must be noticed 
that at the beginning of the rise of flood the interval of time 
between the two places is about two months, at the speed of 
I 68 miles per hour ; while at highest flood the interval is about 
one month, at the speed of 3T1 miles per hour; so that these 
two conditions arc at Cairo nearer to each other. 

The loss of water between the two places may also be thus 
estimated . — 

Cubic feet 
per second. 

Loss by evaporation in these rivers from Khartum, at 11*483 

feet annually, over 784 square miles ... 6869 

Losses by effiltration and evaporation in overflows above 

Assuan, at 3*281 feet annually, o*cr 309 square miles 7 737 
Losses by effiltration and evaporation in overflows in Egypt 

above Cairo, at 2 625 feet annually, over 966 sq. miles 1 935 

Total loss annually at the rate of 16 541 

Whereas the difference of annual discharges before given is 18464 
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The inexactitude may be considered trivial, as the discharge 
at Cairo in 1800 was nearly double that in 1799, and the mean 
has been used ; while the discharge used for Khartum is that of 
1849. But if the same year had been adopted in both cases, the 
probability still exists of the error being increased. 

Lombardini meets this difficulty by showing that there are 
losses not simply annual that may be taken into account. 
First, the filling of the river bed from low water to flood, 
is a volume 2461 feet deep, 2 625 feet wide, and I 803 miles long; 
or about 6 1 456 millions of cubic feet ; second, the effiltration 
from overflows that return to the river after high flood, 
estimated at 23309 millions; together 84763 million cubic 
feet. The first volume is partly lost during the flow from 
Khartum to Cairo, over the period from low to high water ; it 
is also partly recovered during the period from high to low 
water. The second volume, the loss in effiltration of overflows 
that actually do return to the river, is indeterminable, but of its 
existence there is ample proof furnished by the experiments of 
Girard, near Esneh. His borings there at a period of low 
water showed the following differences of water levels in the 
soil at various distances, and in the river-bed : — 

Difference. 

At 3938 feet from the river n*i6feet 

At 5 907 feet „ „ 14*38 „ 

At 10 502 feet „ „ i6*3r „ 

These are the first known data that establish the law of 
flow of underground water. They also indicate that some 
losses must result during the period of return of the water to 
the river. The amounts of loss thus indicated do not admit 
of simple determination in annual rates 

The following water-levels and rates of discharge on the 
first day of each month in a year, help to illustrate the con- 
ditions of flow of the Nile with reference to their separate datum 
levels : — 

Here the datum level for Gondokoro is a mean bed-level : 
those for Khartum and Cairo arc their respective low-water 
levels. Inexact or approximate data are bracketed. 
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Feet. 

Cub. ft. pet second. 

At low water 

H= 6*004 

Q= 14 676 

In ordinary flood 

30*283 

304 425 

For high flood of 1800 

32*120 

334 887 

From such calculated data, in addition to the gauge records of 


a year, he obtain? the annual discharges. (The gauge records 
have been kept at Cairo since 1799, and perhaps much longer.) 

From the pair of hydrometric formula the annual discharges 
at Cairo and at the confluence of the Takazza in millions of 
cubic feet may be obtained with the help of the annual gauge 
records of water-level ; but it is more convenient to use rates of 
discharge in cubic feet per second, at the distinctive periods. 
The Cairo discharges are taken out for the two years, 1799- 
180 O and 1800-1801, and the mean for the two years is used. 



Rates for Annual Dis- 
charge below the Takaiza. 

Rates for Annual Dis- 
charge at Cairo. 
Cubic fee t per second. 


Cubic fee t pel second 

Low water 

16057 . 

•• 6 374 

Rising flood . . 

30 374 

... 19770 

Highest flood ... 

. Or 638 ... 

— 29 313 

Falling flood . . 

. . 21 176 

- 55 324 

Annually 

129245 

no 781 


In comparing these two sets of discharges, it must be noticed 
that at the beginning of the rise of flood the interval of time 
between the two places is about two months, at the speed of 
t*68 miles per hour j while at highest flood the interval is about 
one month, at the speed of 3*1 1 miles per hour ; so that these 
two conditions are at Cairo nearer to each other. 

The loss of water between the two places may also be thus 
estimated . — 

Cubic feet 
per second. 

Loss by evaporation in these rivers from Khartum, at 11*483 

feet annually, over 784 square miles .. 6869 

Losses by effiltiation and evaporation in overflows above 

Assuan, at 3*281 feet annually, over 309 square miles 7 737 
Losses by effiltiation and evaporation in overflows in Egypt 

above Cairo, at 3*625 feet annually, over 966 sq. miles 1 935 

Total loss annually at the rate of 16 541 

Whereas the difference of annual discharges before given is 18 464 
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The inexactitude may be considered trivial, as the discharge 
at Cairo in 1800 was nearly double that in 1799, and the mean 
has been used ; while the discharge used for Khartum is that of 
1849 But if the same year had been adopted in both cases, the 
probability still exists of the error being increased. 

Lombardini meets this difficulty by showing that there are 
losses not simply annual that may be taken into account. 
First, the filling of the river bed from low water to flood, 
is a volume 2461 feet deep, 2 625 feet wide, and 1 803 miles long; 
or about 61 456 millions of cubic feet ; second, the effiltration 
from overflows that return to the river after high flood, 
estimated at 23 309 millions ; together 84 763 million cubic 
feet. The first volume is partly lost during the flow from 
Khartum to Cairo, over the period from low to high water ; it 
is also partly recovered during the period from high to low 
water. The second volume, the loss in effiltration of overflows 
that actually do return to the river, is indeterminable, but of its 
existence there is ample proof furnished by the experiments of 
Girard, near Esneh His borings there at a period of low 
water showed the following differences of water levels in the 
soil at various distances, and in the river-bed : — 

Difference. 

At 3 938 feet from the river feet 

At s 907 feet „ „ 14 38 „ 

At 10 502 feet „ „ 16*31 „ 

These are the first known data that establish the law of 
flow of underground water. They also indicate that some 
losses must result during the period of return of the water to 
the river. The amounts of loss thus indicated do not admit 
of simple determination in annual rates. 

The following water-levels and rates of discharge on the 
first day of each month in a year, help to illustrate the con- 
ditions of flow of the Nile with reference to their separate datum 
levels : — 

Here the datum level for Gondokoro is a mean bed-level: 
those for Khartum and Cairo are their respective low- water 
levels Inexact or approximate data are bracketed. 
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At Gondokoro. 

At Khartum below 

Near Cairo. 

On 1 st of each 

>853-4 

the Takazza. 1849-50 

1849-50. 

month. 

Feet. 

C. ft p.sec. 

Feet. 

C. ft.p. sec. 

Feet. 

C. ft p. sec. 

May 

7*22 

(19424) 

1-44 

31 044 

(2-49) 

34 328 

June 

9 19 

— 

2-46 

42 628 

( I *S7) 

26 841 

July 

10-17 

<3> !S S ) 

7-84 

i*5 593 

2-07 

30796 

August 

10-17 

<3> 7Ss) 

17-26 

293 9° 8 

8-76 

99 594 

September. . 

12-14 

(5° 5<M) 

22-70 

4i9 6 37 

19-72 

256 474 

October 

11*16 


22-31 

409 333 

23-30 

3^9 55° 

November .. 

10-17 

(3> 785) 

14 80 

242 733 

1877 

24* 322 

December ... 

10 17 

(3> 7 S 5) 

8 04 

119478 

11-98 

140561 

January 

10*11 


4-27 

64 489 

9-87 

112695 

February .. 

10-04 


2-30 

37 3 6 5 

8*56 

97 262 

March 

(7.2) 

(19 424) 

1 80 

35 8” 

6-27 

70528 

April 

(7-22) 

(19 424) 

1-48 

32 421 

2-95 

38 248 


Although a comparison of the discharges below Khartum 
and at Cairo for the same complete year is impracticable, 
Lombardini compares the discharges of the former for a year 
from 1st May, 1849, to those of the latter for a year, from 1st 
July, 1849, taking the same four corresponding positions on the 
curves of discharge as in the former case. 

Rates for Annual Discharge of the Nile. 

Below the Takazza. At the Delta-head Dam. 


Low water 

Cubic feet per second. 
11407 .. 

Cubic feet per second 

... 8736 

Rising flood 

3 > 823 • 

... 14702 

Highest flood ... 

59 758 

... 46 266 

Falling flood 

25 *58 •• 

38393 

Annually 

128 246 

108 097 

In this case the losses. 

amounting to 20 

149 cubic feet per 


second, arc more than in the former case, and though there is 
a difference of 12 miles in length of river course, they show the 
need of the extra annual allowance before explained ; by which 
Lombardini accounts for the difference of discharge below the 
Takazza at Khartum, and at Cairo. 

Yearly Variation . — This variation is shown in the following 
table, giving 12 years’ record of heights of water-level above low- 
water level at the Delta-head, that is, at the French Barrage. 
The actual discharges in cubic feet per second, due to these 
recorded heights H in feet, may be calculated by Lombard ini’s 
formula suited to this section and datum. 

Q = 2276*1 (H + 3'6o9)’ > 

The mean discharges tabulated, are those to the mean heights 
for the 12 years in each period of 10 or n days 
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Hfigiits of I 

Iigh Waitr at Cairo ox the Ruoda Gauge 
above Ordinary Low Water. 

Accenting to Ismail Sadie Pasha 

Date. 

CuLits and Digits. 1 

Mitres. 

Iccl. 

Estimation. 

1848. 2 Oct. 

24 

6 

770 

25-27 

Very high 

1849. 7 Oct 

24 

5 

7‘6S 

25-20 

Very high 

1S50. it> Sept. 

21 

20 

646? 

21'20 

Moderate 

1851. 3 Oct. 

24 

9 . 

7*77 

25*50 

Very high 

1852. 31 Aug. 

21 

8 

6-35? 

20-84 

Moderate 

1853. 1 Oct 

24 

9 

777 

25*50 

Very high 

1854. 29 Sept. 

23 

23 

7'SS 

24-78 

Full 

1855. 10 Sqit. 

20 

18 

6 20 

20-35 

Deficient 

1856. 2 Oct. 

24 

8 

775 

25*43 

Very high 

1S57 13 Sept. 

21 

22 

1 6-48 

21*27 

Moderate 

1858. 6 Sept. 

21 

14 

6'40? 

21‘00 

Moderate 

1859. 27 Oct. 

21 

7 

6 32 ? 

20-74 

Deficient 

i860. 17 Oct. 

24 

5 

7'67 

25*17 

Full 

1861. 27 Sept 

24 

16 

7-92 

25*99 

Very high 

1862. 22 Oct. 

23 

0 

7-04? 

23-10 

Moderate 

1863. 20 Sept. 

I 25 

1 

8ll 

2G 62 

Excessive 

1864. 20 Sept 

>9 

21 

5'95 

i9*53 

Very deficient 

1865 18 Oct. 

22 

23 

7-02 

23*04 

Moderate 

1866. 27 Sept. 

25 

11 

8-31 

27*27 

Excessive 

1867. 1 1 Sept. 

21 

22 

6-46? 

21-20 

Moderate 

1868 27 Aug. 

>9 

13 

5'87 

19-26 

Very deficient 

1869. 11 Oct. 

25 

*5 

8-40 

27*57 

Excessive 

1870. 14 Oct. 

24 

27 

7-92 

25 99 

Excessive 

1871. 27 Sept. 

23 

16 

778 

24-22 

Full 

1872. 20 Oct. 

24 

3 

765 

25*10 

Full 

Note. — There is evidently much «toi 
records — ( drttsi p& r M. Tissot). 

r in the official 

1 reduction and in the original 


Condition of the River. 

In Nubia, below Khartum, the course winds greatly, and is 
broken by rapids or cataracts in rocky soil or among hills, 
specially between Dongola and Wadi Haifa. The banks are 
generally sterile, and irrigation by inundation canals is exces- 
sively rare ; although flood deposits, at a level higher than that 
of the flood itself in the adjoining river bed, indicate the 
possibility of effective irrigation from off-takes taken higher up 
stream. Navigation is difficult on account of the rapids; in 
1857 two steamers arrived at Dongola after much effort 
Malezieux proposed a navigable canal from Korosko to Abu 
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Hfights of High Water at Cairo on the Rhoda Gauge 
aro\c Ordinary Low Water. 


According to Ismail Sadie Pasha 


Date 

Cubits 91) 

1] Digit*. 

Mitres 

Feet. 

Estimation. 

1848. 

2 Oct. 

24 

6 

7 7 ° 

25 27 

Very high 

1849 

7 Oct. 

*4 

5 

7-6S 

35 30 

Very high 

1850 

19 Sept. 

21 

20 

646? 

21 20 

Moderate 

1S51 

3 Oct. 

24 

9 

7 77 

25 5 ° 

Very high 

1852. 

3* Aug 

21 

8 

6 35 ? 

20 84 

Moderate 

*SS 3 - 

1 Oct 

24 

9 

7 77 

25 5 ° 

Very high 

•854 

29 Sept. 

23 

23 

7 55 

24 78 

Full 

1855. 

10 Sept 

20 

18 

620 

20 35 

Deficient 

1856 

‘ 2 Oct. 

24 

8 

775 

25 ‘43 

Very high 

*857 

1 3 Sept 

21 

22 

648 

21 27 

Moderate 

1858 

6 Sept 

21 

*4 

6-40? 

2 1 ’00 

Moderate 

1859. 

27 Oct. 

21 

7 

6 32 ? 

2074 

Deficient 

i860. 

17 Oct. 

24 

5 

767 

25*27 

Full 

1861. 

27 Sept. 

24 

16 

7*92 

25*99 

Very high 

1862. 

22 Oct. 

23 

0 

704? 

23*10 

Moderate 

1863. 

20 Sept. 

25 

1 

8-n 

26'62 

Excessive 

1864. 

20 Sept. 

»9 

St 

5*95 

19-53 

Very deficient 

1865. 

18 Oct 

22 

23 

7*02 

23 04 

Moderate 

1866. 

27 Sept. 

25 

11 

8-31 

27-27 

Excessive 

1867. 

11 Sept. 

31 

22 

646? 

21‘20 

Moderate 

1868. 

27 Aug. 

19 

*3 

5*87 

I9'26 

Very deficient 

1869 

11 Oct 

25 

15 

8 40 

27-57 

Excessive 

1870. 

14 Oct 

24 

17 

7-92 

25^9 

Excessive 

1871 

27 Sept. 

23 

16 

7*38 

24-22 

Full 

1872 

20 Oct. 

24 

3 

765 

25-IO 

Full 


Note. — T here is evidently much error in the officii! reduction and in the original 
record S — (d resit far M. Tissot). 


Condition of the River. 

In Nubia , below Khartum, the course winds greatly, and is 
broken by rapids or cataracts in rocky soil or among hills, 
specially between Dongola and Wadi Haifa. The banks are 
generally sterile, and irrigation by inundation canals is exces- 
sively rare ; although flood deposits, at a level higher than that 
of the flood itself in the adjoining river bed, indicate the 
possibility of effective irrigation from off-takes taken higher up 
stream. Navigation is difficult on account of the rapids; in 
1857 two steamers arrived at Dongola after much effort. 
Malezieux proposed a nau'gablc canal from Korosko to Abu 
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Hamid, supplied by water pumped from the Nile, but the 
expense would be enormous. 

In Egj'pf, below Assuan and the first great cataract, the river is 
winding, and variable in depth, there are also shallows and local 
currents, rendering navigation difficult Below Siyut the river is 
regular in course and in current ; the result of the resistance of 
its clayey banks to the action of the river; and is freely navigable 
At about 500 miles above Cairo the river enters a valley liable 
to submergence by flood to a mean width of about nine miles. 
Parts of it, however, are above flood level. The edges of the 
valley, bordered by deserts and hills on the Lybian and Arabian 
sides, are generally lower than the middle, where the river-bed 
runs in a self-raised embankment, due to successive deposits of silt. 

Irrigation is facilitated by long dykes transverse the valley, 
and by inundation canals. The basin of Madinat el Fayum is 
also supplied during flood by the Bahn Yusuf, a watercourse 
partly canalised at one time, which receives Nile water near 
Siyut, and conducts it along the Lybian edge of the valley. The 
expenditure of water is on the whole very large. The depth of 
slime deposited by the water is estimated at 040 foot in 100 
years, even in the river bed : its qualities are highly fertilising. 

About half the extent of the valley in Upper and Middle 
Egypt consists of irrigated and cultivated land, amounting to 
nearly 1 i million acres of cultivation dependent on the floods 
of the Nile. When these do not rise to 20 feet, or when they 
exceed 26 feet, the crops suffer seriously. Famine and desolation 
result, the people are then forced to borrow from Greek and Jewish 
usurers under crushing bargains, and are thus periodically driven 
to utter ruin. 

There is not any existing canal for supplying irrigation water 
throughout the year. In 1875 two low- water canals were pro- 
jected, with hcadworks at Kercmat and Echment, east and west 
of the river ; but these projects were not executed, as the scope 
of their irrigation was nearly limited to the Delta, and the works 
were costly. 

In the Delta . — The bifurcation at the head of the Delta begins 
at 12 miles below Cairo ; there are now only two main channels ; 
the Bolbitinc, discharging near Rashid, and the I’hatnetic, 
discharging near Damiad. These were embanked, and a large 
number of inundation canals and channels constructed before 
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1840, under the rule of Mehemet All. The irr land in 
Lower Egypt, that is in the Deltaic kinds which extend from 
Lake Mcnzalah to Lake Mariut, and clo-c up to Cairo 
amounts to about 2 million of acres. One crop is grown with 
inundation water, and in many places a second and even a third 
by the aid of water raised with sakias and slndiifs from pits or 
wells, generally not exceeding to feet in depth. 

In order to utilise the low water supply of the Nile in irrigating 
the Delta throughout the whole year, a dam was constructed at 
the Delta head. This highly ornamental project for raising the 
level of the water dates from 1846, and was nearly completed 
in 1850, under M Moujel, Director of Works It is one of the 
worst examples of hydraulic works. In fact, the French Jlarragc 
is a byword of reproach ; it can hardly raise the water level to 
six feet, its self-acting sluices do not act, its base is exceedingly 
weak and bad and the whole structure is in a very dangerous 
state. A project was drawn up by English engineers in 1876-77 
for constructing a dam adjoining it which should raise the water- 
level to a height of 15 feet, and thus effect the necessary irriga- 
tion ; but this has not yet been commenced. The work of the 
Ponts et Chauss^cs being ineffective, the condition of the Delta 
as regards utilisation of the Nile remains little better than at 
the end of the rule of Mehemet Ali. 


Available Supply of the Nile. {According to Linant.) 
Leno Water Supply. — This varies very much from year to year, 
sometimes it is insignificant for a few days before the beginning 
of the floods. 

Taking three cases observed (at the head of the Delta), 

Cubic /eet 
pet «econd 


In 1840, at highest part of low water supply 14 682 

In 1834, the observations gave . 6i 645 

In another year it was .. 23 882 

These three give a mean low water discharge 33 403 


Provided that one-fourth of this can be drawn off in perennial 
canals and utilised in irrigation of Lower Egypt, it amounts 
to 8 22c cubic feet per second. 




16 G 


EGYPT. 


Now the sufficient mean watering for the summer irrigation of 
crops in the Delta, including the small existing proportion of 
rice cultivation, is one cubic foot per second to 120 acres. If rice 
cultivation were adopted throughout, one cubic foot per second 
would water only ioo acres. Using the former figures — 

Acres. 

The available supply is enough for ... 999 000 

Whereas the actual summer irrigation in Lower Egypt is 
a cultivation of ... .. 950 000 

The perennial canals do not, however, carry a sufficient supply 
from the Nile to water them properly by simple gravitation. 

Flood Supply . — The available flood supply from the Nile is 
that inundating Upper and Middle Egypt, between Jabal KflkilU 
and Cairo, and is equal to the difference between flood discharge 
at the former place and highest flood discharge at the latter. 
Setting aside two exceptional floods at Cairo of 343987 anc * 
334093 cubic feet per second. 

Cubic feet 
per second. 

Of the remainder the highest flood at Cairo is aSS 418 

And the highest flood at Jabal Kilkilli 447 325 

Difference ... 15S907 

Assuming that an effective good flood remains stationary' for 
20 day's, (it varies from 15 to 20), and neglecting the balance 
during a few days of the earlier fall of flood ; also assuming 
that the cultivable land above Cairo is r 920000 acres, of which 
I 500000 acres are below flood level, the results are thus in total 
quantities — 

Cubic feet. 

20 days’ supply at 15S 907 cubic feet per second 274 591 296 000 

Loss by evaporation ... .. .. 749296000 

Utilised on x 500000 acres . . ... ’273 842 000 000 

Which is equal to a supply in cubic ft. per second of 15S 565 c.f p.$. 

This represents the ordinary' flood cultivation carried on for 
ages, and experience has shown that it is sufficient for good 
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crops. Taking out the rates per acre and per cubic foot per 
second of supply from the above they arc — 

Total supply for each acre 187561 cubic ft 

Total depth of irrigation over the whole ... 4-19 feet 

Current supply to each acre continuously during 

30 days ... ... o’io57 c.f.p.s. 

Acreage irrigated by 1 cubic foot per second con- 
tinuously during 30 days 9-46 acres 


Altitudes above Mean Sea Level or Places in Nubia. 


Collected by M. Tjssot. 

Distances by river 
from Khartum, m miles. 

o Khartum; at confluence of the Blue Nile 
1 14 Shendy. Highnater Level in 1866 

„ Low water „ 1867 

199 Confluence of the Atbara ... 

218 Berber 

381 El Kab 

403 Umderas 

453 Gerindid 

664 Hannak ; at cataract 

713 Kaibar „ 

8a o Dalah 

906 Wadi Haifa . . 

1155 Philce (7 miles from Assuan) 


Altitudes in feet. 
*240*53 
1192-07 
*164-27 
1166*36 
1 147*99 
9 ^ 4*53 
935 «2 
773*30 
687-12 
674-09 
626-17 
420-07 
33*‘*6 


Altitudes above Mean Sea Level of Places in Egvpt. 
Collected by M. Tissot. 


Distances by river, 

from Assuan in miles. Altitudes in feet. 


o Assuan (levels unconnected with Siyut series). 

330 Siyut, ordinary low water of 1872 at off-take of 

Ibrahimiah ... 

379 Dairut, Plinth of Sluice-bridge of the Ibrahimiah 
Canal .... 

415 Miniah, at Quay Shekh Fuli . , , 

„ Plinth of Sluice-bridge of the Ibrahimiah 
„ High water Level of 1870 
„ Ordinary low water of 1871 
491. Fashan, ordinary low water of 1871 
51 1 Benisuef, ordinary low water of 1871 . . 

583 Cairo, top of parapet at gauge, I. of Rhoda . 

„ Level of great Mastaba to the west 


* 47*40 

1 25*04 
*32-61 
1 *6-0! 
, 3**73 
*07-28 
82-87 
75*06 

41*40 
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Altitudes above Mean Sea Level of Places in Egypt — 
Continued . 


Distances by river in miles. Altitudes in feet. 

583 Cairo, Level of Mastaba of the Pharaohs to the east 35*62 

„ Zero on the Gauge of cubits .. 28-2 7 

„ Theoretic ordinary low water of the Rhoda 

gauge 39 7* 

„ High water of 1869 .. . 67 -31 

„ Quay of the Waterworks Co., Old Cairo 67 39 

„ Zero of the gauge at that Quay .. 31 ’05 

,, Theoretic ordinary low water on this gauge . 39*26 

„ High water level of 1872 64-36 

„ Kasr el Nil Bridge, pavement of footway ... 77-78 

„ Theoretic ordinary low water at this bridge .. 39-05 

„ High water level of 1872 ... . . . 64-16 

599 r '* 1 “ 1 ~ 35*03 

34'46 

6l-76 

632 I863 47-29 

„ Ordinary low water . . ... 2284 

674 Kafr Zayat (Rashid branch), high water level of 1869 33 02 

„ Mean low water . 4*33 

„ Zero of the gauge at the bridge 2 49 

70S Atfah (Rashid branch) at off-take of the Mahmudiah 

Canal, high water level of 1869 .. 14-60 

„ High water level in the canal ... . ... ^ 8-04 

„ Ordinary water level in the canal . . . 4*92 

756 Alexandria, high water level in the Mahmudiah 

Canal at the outlet 7*29 

,, Ordinary water level in the canal 4**7 

„ Highest sea level known, 9 Feb , i860 ... 2-36 

„ Lowest sea level known, 10 March, i860, 

below mean sea level, or negative ... — 1-58 


Altitudes above Low Water of the Mediterranean of various 
places in Ecypt. According to LiNant. 

Altitudes in feel 


Low water in the Mediterranean ... o-oo 

High water „ ... . 1-25 

Low water in the Red Sea at Suez .. ... 2-43 

High water „ ... . . . 7*94 

Land at Shaluf ; low water of Isthmus basin ... ... 11-29 

„ lowest water . . . ... 6- 10 

Serapeum, near the Monument 16-07 

„ hillock of Monument . . .. . . 42*65 
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Altitudes above Low Water of the Mediterranean of various 


r laces of Egypt. According to Linant.— Continued. 


Altitudes in feet. 


Ruined Canal at the fork towards Shek Ennednk 
towards SAV. .... . 

„ towards S.E. near the fork 

Lake Timsah, mean 

Gisr, on land bank highest point 
Marshes of Fardanah 

Mean level of Wadi lands from Saba Biars to Abassah 


Off take of the Khalig of Cairo, low stater 
„ „ high water . . 


984 
12*20 
9*84 to 16*40 
5 2 *49 
2 '95 
21*65 
1 1 94 to 14*76 
9 84 

159*76 

1 330 06 

46*13 
71*17 


Distances in Nubia and the Soudan on Telegraph Lines. 


According to Colonel Stewart, 1883 


Khartum to Shindi 
Shindi to Berber 
Berber to Dahaid 
Dahaid to Debbah 
Debbah to Dongola 
Dongola to Haifa 


Berber to Goz Rejeb 
Goz Rejeb to Kassala 
Kassala to Fillik 
Fillik to Suakin . 


Kassala to Relloh 
Relloh to Amadeb 
Amadeb to Koren 
Koren to Massuah 


Miles. 

90 

95 

120 

95 

too 

225 

725 

i So 
70 

40 
230 

520 

52 

41 
74 

no 

2S0 


Khartum to Messelemia 
Messelemia to Senar 
Senar to Fazogla 


Khartum to Abu Gurad 
Abu Gurad to Korti 
Korti to Bara 

Korti to Obeid 
Obeid to Foggia 

Khartum to Abuttaraz 
Abuttaraz to Gedarif 
Gedarif to Kassala 


Gedarif to Gallabat 
Gedanf to Ghizah 
Messelemia to Kana 


Mite, 

80 


335 


'35 

10 


25 

175 

S5 

. 120 
132 

337 



• Probably this is an error ; but the reduction Es right. 
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CANALS.' — Extent and Number or Canals in 


Mudiriah. 

Navigable Canals. 

Number. 

Miles. 

Acres. 


( 1. Esnah 

2 

48 

723 

in J 2. Keneh 

8 

79 

735 

?PP' r I 3. Girgah 

40 

302 

3960 

-g)P l * Assiut 

7 

116 

.679 


( 1. Benimazar and Miniah 

2 

* 5 i 

3 233 

Iiddle ^ 2. Benisuef ... 

5 

96 

1 339 

Egypt. | j. Fayum 

1 

14 

3 i 5 


Total 

61* 

826* 

12 985* 


1 Gizah 

0 

0 

0 


( 2 Galltubiah 

7 

7 i 

1 136 


C .? 3 Sharkiah 

18 

3 S 9 

8737 


( 4 Dakkaltah 

2 

85 . 

1 272 


r [ 5. Menufiah 

17 

223 

3815 


' \ 6 . Garbiah 

8 

239 

5 6o 4 


W. 7. Behcra 

2 

l84 

1 620 


Total 

5 2 

I Ot)I 

22 184 


Total for all Egypt 

1 *3 

I 917 

35 ' 6 9 







* Note — The'e three total* ate incorrect. The official returns for 1873 contain much discrepancy. 



rod perhaps intentional misstatement. The statistics were afterwards suppressed or recalled. 
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Low-water discharges of perennial canals (sefi), corresponding 
to a river discharge of 33 403 cubic feet per second at the 
head of the Delta, according to Linant. 

r. . . Clearance 

Cubic .. 

Region. Canal. feet per 0 ? 

““ nd - cubic feet. 

Upper Egypt : The Ibrahimiah — — 


Provinces East of the 


Damiad branch 

The Ismailiah 

— 

— 


The Sherkawah ... 

20275 

9 


The Bessussiah ... 

105 95 

35 

6 

The Wadi Tumilat 

— 

— 

- 

Bahr Moez 

0 

0 


Metyahecha 

80-67 

si 

4^4 

Donded 

44^9 

si 


Bukiah 

44-19 

si 

■3 jjie 

O co Q 

Mansuriah 

127-14 

10 

Sherkawah (branch) 

5477 

7 

t\ to -r 

Nahran 

659-66 

4 Si 

Deltaic Provinces : 

Manufiah 

— 

— 


Sersawah 

70-3 1 

4 i 


Baguriah 

211-90 

4 

4 * 

Bahr Shihin 

7 ° 6‘34 

247 

s.’s 

Ataf 

70 63 

— 

« I3 

Messid cl Khradar . 

82*43 

13 

So 

Bekerem 

6l *22 

45 

'tfiO 

Provinces West of the 

Sahel 

1202-83 

2723 

Rashid Branch 

The Bekera 

— 

— 


The Khatatbah ... 

198-05 

f >4 

1 

The Mahmudiah.,. 

183-94 

88 





pa 



152 






Incomplete Total 

2244-48 

470 
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The Drainage Channels of Egypt, 


according to Linant’s “ Memoire sur les Principaux Travaux ex£cut£s 
en Egypte." Paris 1872-73 ( Bertrand ). 


Region, 

Upper Egypt 


The Fayum ... 

Provinces east of the 
Damiad branch 


Deltaic Provinces . 


Provinces west of the 
Rashid branch 


Drainage Channel. 
The Sohagiah 
The Bahr Yusuf 

The Bahr Bela Ma 
The Bahr Neslat 
Wadi Tumilat (Bulbeis) 


Discharging into 

The Bahr Yusuf. 
The Fayum, also 
on west of the 
Rashid branch. 
Lake el Korn. 

Lost towards the S 
Lake Timsah 


Abu el Ardar (Pelusiac) . Lake Menzaleb. 

Salahieh Canal . 

Bahr Mocz (Tanittc) ... Lake Menraleh. 

Bahr Serayer 

Bahr es Sagir (Mendesian) 

Tne Baguriah . 

The Bahr Shibin .. iLakc Burlos and 

The Bahr Kalin ... j the Sea. 

The Bahr Saidi ... 


The Temal, and others ... { 5 . r f riut - 
1 Lake Etko. 


Works under Mehcmet Ali. 

Most of the modern irrigation works of Egypt have been 
made during or since the time of Mehemct Ali. Every year 
the greater part of the population — nearly all — were at work 
on them. Annually 400000 men, or 800000 work-persons 
including women and children, worked in the levy; while 
others constructed the small channels and dykes near their 
own villages. The contingents of labourers under village 
sheikhs made their separate pieces of canals which were 
afterwards joined, sometimes curiously. The engineering 
was haphazard, the direction was ill-managed, and probably 
entirely unpaid. 

In 1830, a Direction of Works was constituted ; in 1835, 3 
Minister of Public Works was appointed, and a body of 
engineers formed by Linant under a bureaucratic system. 

The contingents of labourers were doubtless often supplied 
O 
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from villages that did not participate in the advantages of the 
canal or work on which they were employed. Even in annual 
clearances this happened continually, as, for example, in the 
Khatalbah Canal, for which 30 000 men are required for forty 
days ; the province of Behcra, benefited by it, could only 
supply ig 000 men. In most cases the forced levies benefited 
themselves by their own labour, but certainly not in all. The 
earthwork done in one year, 1846, amounted to 1 800 million 
cubic feet. The period of Mehcmet Ali was from 1816 to 1850 
The larger perennial canals began about 1836. 

The works of his time were : — 

1 The construction of the interior new Abukir Dyke. 

2. The construction of the Pharoniah Dyke for closing the 
Pharoniah Canal, which drained the Damiad branch to the 
benefit of Rashid. 

3. The construction of the Bibah Dyke, protecting Lake 
Menzaleh and the land on its banks from flooding from the 
sea, during the low-water state of the Nile. 

4. Reconstruction and revetment of the Koshckah Dyke. 

5. The construction of the Bahr Bela Ma Dyke, and re- 
building of the Tamiah Dyke. 

6. The new Illlun Dam, at the entrance of the Bahr Yusuf 
Into the Fayum ; the old one was made in the time of Yftsuf 
Salahuddin. 

7. The Canal Mahmudiah. 

8. The Dock and Basins of Alexandria. 

9. The Bahr Shibirt regulating Dam. 

10. The Survey of the irrigated lands and canals of Lower 
Egypt. 

Project's of the time of Mehemet AH. 

1. Navigable passage of the Cataracts of Wadi Haifa and 
Assuan 

2. The Jabal Kilkilli Canal. 

3. The Reclamation or Lake Mariut. 

4. A navigable Canal from Damiat to Rashid. 

5. The conversion of the Khalig Cairo Canal into a perennial 
canal. 

6. Khalig ZafTrdnah Canal. 

7. The Dam at the Delta head, begun in 1847. 

8. Some deep borings for water supply. 



CANALS. 


195 


Later zvarks in Egypt — In 1857, under Said Paslia, the water- 
works of Alexandria, and the waterworks of Cairo 

1 859-69 — The Ship Canal from Port Said to Suez. 

After 1863. — The Ibrahimiah Canal, navigable. The Ismailiah 
Canal, navigable. 

In 1S65. — Moujcl's Dam at the Delta head 

In 1S67. — Port Ibrahim at Suez, under Ismail I’asha. 

In 1870— The enlargement of the Port and Harbour of 
Alexandria 

In 1872.— The Behera Canal, navigable. 

The Manufiah Canal and the Shcrkiah Canal, commenced 
about 1847 Probably these were abandoned, and recommenced 
in modem times 


Ship Canals. 

The canal from Port Said to Suez was begun on 22nd April, 
1859, and executed by forced labour until 1864, when steam 
dredgers were employed in greater number ; it was inaugurated 
as open on 17th November, 1869. 

The surveys, the project and general design were those of 
Linant Bey, a Frenchman in the Egyptian service ; the financial 
management and speculative establishment of this great under- 
taking was chiefly that of Ferdinand do Lesseps. The expense 
of construction and establishment until the end of 1 870 amounted 
to £17 681 83G : this was provided by a share capital of 
£8 000 000; by £4 000 000 raised on bonds; £4 560 000 con- 
tributed by the Egyptian Government, apart from shares held 
by them. 

The Government also incurred the cost of £400 000 for the 
Wadi domains, £860 000 for the fresh-water canal, and for other 
accessor}’ works at harbours, lighthouses, &c., incurred an expense 
of £8293 080. 

The total amount of excavation was 265 million cubic feet ; 
excavation for maintenance was afterwards continued at the 
annual rate of 17G00000 cubic feet The minimum depth of 
water is 26$ feet ; the mean depth 28 feet, the bed width 72 
feet; the width at water level varies from 190 to 328 feet. 

It will be needless here to enter into the details of the course, 
and of the works and excavation ; the former is familiar to 



19G 


EGYPT. 


all who have frequently passed through the canal, and the 
works afforded little novelty 'or engineering interest, as far as 
execution was concerned, beyond the employment of steam 
dredgers and shoots on a large scale. The canal would probably 
never have been attempted by free labour in the first instance, 
and would never have been completed by steam power, had 
it not been supported so strongly by the Viceroy throughout. 

The initiation of the undertaking and the causes leading to its 
execution are of interest, as they indicate an amount of intrigue, 
conflicting with the rights of the projector, that amounted to 
nearly perfect robbery This was supported by some thousands 
of shareholders of the same nationality for their own advantage 
with utter shamelessness 

Ancient ship canals from the Pclusiac Gulf to the Erythrean 
Sea certainly existed. One made under Nekhos and Darius; 
that was never perfectly complete, though it was certainly used 
during the Ptolemaic period after further improvement, about 
284 BC. Under Hadrian, A.D. 1 17, a canal existed, probably a 
modification of the former, perhaps a mere restoration 

In the time of the Khalif Omar (a.d. 663) a canal was made 
by Amru to Kolzum (Suez ?), which was used by ships for a com- 
paratively short time. All of these canals followed the natural 
course of such works when left to take care of themselves : they 
silted up. The ruins, traces, hillocks, &c., were found by Linant 
in his researches and during his levelling operations. 

The more modern projects that arose from time to time show 
that the matter had not been entirely forgotten. In 1519, Sultan 
Selim, after his conquest of Egypt, had some intention of re- 
opening the communication. In 1621, Sultan Mustafa, son of 
Muhamat III., Sultan at Stambul, sent Baron de Tott to 
investigate the matter. In 1766, fresh emissaries were sent from 
Stambul to Egypt to make inquiries and studies. 

The first purely Egyptian initiative was that of Ali Bey, in 
1788 (who had ruled for nearly 28 years ?) ; he built ships on the 
Red Sea, and certainly had the intention of proceeding further. 

In 1799, during the French occupation of Egypt, Monsieur 
Lcpere, official chief engineer, drew up a project, which was 
good and carefulin design, but also slightly erroneous on account 
of errors in the survey and levels. The records of his operations 
and designs appear to have been utilised afterwards; though 
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the expulsion of the French from the country rendered them 
useless at that time. 

, Under the belief that the difference of level between the 
Red Sea and the Mediterranean amounted to nearly 33 feet, the 
project of Lepfcrc was not that of a direct canal from sea to 
sea. Seeing also the difficulties and large expense involved in 
establishing a good port or roadstead in the Mediterranean, his 
project was for a canal, or senes of reaches, suited to vessels 
drawing 13 to 16 feet of water, communicating with the Bahr 
Moez and the Pelusiac branch of the Nile, but supplied in part 
of the course by fresh water from the old canal of Trajan 
leading from Cairo Probably he intended also to deepen the 
Pelusiac branch, which at low' water was in some places only 5 
feet deep ; or he may have intended to form a communication 
navigable at high water. Even at its best, this was certainly a 
very defective project at a time when steam-dredging and steam- 
ships were unknown. Had it ever been executed, it would 
probably have resulted in something parallel to Moujel’s Dam, 
as regards effect and reputation. But there is little doubt that 
Lepferc contemplated more direct communication with the 
Mediterranean by an additional reach of canal ; though this 
did not form part of his project as drawn up. 

The present project, that of Linant de Bellefonds, a French 
engineer in the Egyptian service from 1825, was mentioned by 
him in 1830 and 1833, to Messrs. Mimant and De Lcsseps, then 
French Consuls in Egypt ; this project was entirely ready in 
1840, and was then communicated to various European 
Ministries. In 1841 some arrangement was effected with Mr. 
Davidson, Director of the Peninsular and Oriental Company; 
in 1842 the Indian Government welcomed the proposal. In 
1845 the Due de Montpensier took Linant's plans and reports 
to France, and supported the proposal; eventually, in 1S47, a 
French company (or syndicate) was formed to consider the 
subject. This resulted in the despatch of three sets of engineers 
from France, Austria and England, to examine the levels and 
soundings. At that time the Viceroy, Mehemet Ali, disbelieved 
in the eventual success of the project, but appointed Linant to 
aid the expedition in every possible way. The levels resulted 
in showing a difference of level of 856 feet between the quay 
surface at Suez, and low water in the Mediterranean : and the 
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greatest fall at high water between the two seas at TS feet. Yet, 
in spite of these results, nothing was done to further the project 
until July, 1853, when M. Favier, a French official engineer^ 
published a letter, casting doubts on the levels of 1847, and 
supporting the levels of 1799, in which he had taken part. 
Opinion hence remained divided. On February 3, 1853, Linant 
received orders from the Viceroy Abbas Pasha, to verify the 
levels. These operations showed a difference of level of 794 
feet between low water in the Mediterranean and extreme high 
water at Suez. Allowing for some differences in datum employed 
in the series of 1847 and 1853, the difference in actual result 
amounted to 0 - 6 foot The probable cause of error in the levels 
of 1799 was traced to the bed level of an old canal, filled up 
with sand brought by wind. This formation was probably 
treated as simple bed level ; and thus accounts to some extent 
for the error of 25 65 feet. - 

These verifications appear to have decided the matter, for in 
November, 1854, the speculator, De Lesseps, announced to 
Linant that the project was decided on, and that Linant was to 
be the engineer in charge of the works indicated in his own 
project. Shortly afterwards, Moujel was associated with Linant 
as colleague, with the view of superseding him, after utilising 
all his information and experience. A fresh set of small 
plans was furnished by Linant, for use in France, to draw 
public attention to the scheme; and about this time the 
Emperor Napoleon III. expressed his extreme pleasure to 
De Lesseps. 

Whether at this early period this speculator had represented 
himself as the proposer and designer, or had merely allowed it 
to be believed, is a matter unknown generally ; but it seems 
clear that he obtained firmans of concession in his own name. 
Preliminary works in picketing the course of the canal, staking 
sections, &c. t were then undertaken by Linant. In September 
1855, Linant joined De Lesseps in France to aid in the formation 
of the Suez Canal Company. A commission of engineers and 
others, formed under the auspices of De Lesseps, arrived at Suez 
on 1 5th December, 1855, and left on 31st December. A second 
firman was obtained byDc Lesseps from the Viceroy, which ousted 
Linant from tire general engineering management, and reduced 
him to the post of Resident Engineer on the works. Conrad, a 
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•Hollander, was appointed engineer in charge of the whole. 
Linant, not wishing to embroil the scheme, consented to this 
arrangement after it was effected ; and delivered his scries of 
plans. 

The levels were again verified in 1S55 and 1S56, with results 
varying to about r6 feet from those of 1S53. 

The engineers appointed by the Suez Canal Company 
departed very little from the designs of Linant, and merely 
superintended the work of the contractors, which was in accord- 
ance with his plans. Later there was some pretence about 
setting aside these plans, ignoring them, and about having acted 
on others , as money had been voted for the purpose in July, 
1857. The acknowledgment of Linant’s plans was made in 
the procbs-verbal \ dated 6th June, 1858, by De Lesscps and 
Ruysscnears. This pwbj-rerbnJ was annulled on 26th January, 
1859, at the desire of Said Pasha, who at last understood the 
treachery of De Lesscps towards Linant, and saw that he 
himself was being manipulated also. 

After 1859, Linant retained his position as Director of Egyp- 
tian Public Works, and superintended the construction of the 
Ismailiah, or fresh-water canal 

The works commenced actually in April, 1859 , but in 1S63, 
after the death of Said Pasha, when forced labour was 
abolished by his successor, difficulties arose with the company 
about the concession. At that time the excavation had been 
154 million cubic feet, effected by 18 000 labourers at a cost of 
.£110 000, of which about a half had been paid to them for work. 
There remained 837 million cubic feet of dry excavation to be 
yet done. The Egyptian Government was compelled under 
arbitration to pay heavily for withdrawing the privilege of 
employing forced labour. 

These details, showing the amount of intrigue carried on in 
matters of concession and of public works, arc the more needful, 
as even in t8S4, some English newspaper editors remain who 
write of De Lesscps as engineer of the Suez Canal ; whereas 
the whole credit of the affair, apart from market -rigging, justly 
is due to the hydraulician and real engineer, Linant de 
Bellcfonds Even in France, where they should have been better 
informed, it was necessary that the journal L'Efctrgne should 
expose the deception in an article of 31st March, 187?. 
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The stupid opposition to the Canal scheme by Stephenson 
and other English engineers (so termed) is accounted for by 
the fact that they were almost all merely rich speculative en- 
gineers, destitute of engineering ability, and of experience 
in hydraulic matters. While this opposition remained at full 
height, the compiler of this book declared the advisability of the 
execution of the Suez Canal, pointing out also that the expenses 
of efficient maintenance would necessarily be high. These views 
were also stated in his M Hydraulic Manual,” first edition ; written 
several years before its publication. 

The project of doubling the Suez Canal to accommodate 
the increase of traffic is now receiving public attention ; the 
difficulties lie in matters of cession of power and of admitting 
the principle of the claim to double vested rights that are 
already too large. The utilisers of the canals are trying to 
reduce the powers of the proprietors before further shackling 
themselves. Mutual concession must evidently precede the 
execution of any such project 

Canals tn Upper and Middle Egypt. 

I. The Ibrahimiah Canal . — This large canal has its headworks 
at Siyut, it flows by the side of the river to Mankabat, and 
continues to Manfalut, crossing the Bahr Yusuf, and supplying 
it with water for the irrigation of the Fayum; it afterwards ends 
by joining the old canal Fechn. 

The canal Fechn has its off-take opposite Madinat-cl-Jahcland 
delivers into the canal of Bcnisuef, which has its off-take near 
Balanka and Mataya. 

The dimensions of the Ibrahimiah channel at its off-take are, 
in bed vi idth 1 1 5 feet, and at ground level about double that. 
Its summer depth of water is nominally 4‘S feet, but, owing to 
imperfect clearance, is actually at low water only 3 feet ; the fall 
of the bed is C'5 per 1 00a The section diminishes at Mcllawah, 
and is more reduced further on ; the fall also is not uniform 
With an assumed \ elocity of o 564 foot per second, the discharge 
would be 344 cubic feet per second (such are correctly reduced 
values) ; with an evaporation from a surface of canal 1 940 000 
square feet, amounting to 71 cubic feet per second ; the net 
discharge utilisablc is 273 cubic feet per second, or sufficient for 
irrigating 22 228 acres, at the rate of 1 cubic feet per second to 



CANALS. 


201 


8 1*4 acres of sugar-cane crop. Another calculation, on the 
assumption of clearance to a greater depth, involves a reduced 
section with the same velocity; the discharge is hence reduced, 
and then only 12320 acres arc irrigated. The mean supply 
utilisable is hence given at 212 cubic feet per second, which 
will irrigate 17 270 acres of sugar crop. 

These results are low, allow ing for irregularities and exceptional 
circumstances, including those of unusually low water. In 
flood the flow is more irregular than at low water, and the 
velocity in the Nile can never be predetermined for any water 
level. 

For the flood season lasting 100 days in the Scifi canals below 
low water, the section of the Ibrahimiah may be taken at 
493 74S square feet, and the \elocity 4'32 feet per second, this 
gives a discharge of 2 161 cubic feet per second ; adopting a 
mean between high flood discharge, the calculation can be based 
on 1 169 cubic feet per second throughout the 100 days, and 
allowing a depth irrigated of 10 feet of water over the land, the 
acreage irrigable by its flood is 213 20G acres of low- land, mostly 
in the Fayfim. 

The advantage of summer irrigation by a Scifi canal is 
doubtless very great, but the inconveniences resulting from 
large quantities of silt, and from high velocities during flood, 
are very serious. 

The length of the Ibrahimiah canal is given as 93 miles, and 
the amount of earthwork executed in it as 1 342 million cubic 
feet. Its breadth is 230 feet throughout the first 38 miles, and 
1 61 feet for the rest of its course 
2. The Sohagiah is a natural overflow channel or drainage 
channel, taking its supply from the Nile during flood, between 
Siyiit and Manfalut ; its course is then N.W. for some distance 
until arriving at the watercourse level, skirting the Lybian 
desert and running in the depression between it and the elevated 
Nile valley. Continuing in this natural depression it eventually 
arrives at Geldah, west of Mellawah, where it tails into the Bahr 
Yusuf or Yusufi, which is a continuation of the same depression 
Such has been its course certainly since 1832, and perhaps for 
a"es * as it is not known when the Nile first overflowed its banks 
at the head of the Sohagiah. The Sohagiah serves as an inun- 
dation canal along its course through the districts of Sohag and 
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Talita ; its length being in all 41 miles ; and its surface 2 434 
acres. Its head was probably regulated for some time by tempo- 
rary headworks or off-takes of brushwood and mud ; it now has 
permanent headworks, one or two stopdams at intervals for 
controlling its supply, and, however irregular its course or its 
section, it is now a permanent inundation canal. Its breadth is 
given in the returns as about 475 feet ; perhaps erroneously. 

3. The Yusuf, or Balir Yusuf is a watercourse or overflow 
channel of the same sort as the Sohagiah, but of greater length, 
and more utility. It breaks out of the Nile about iS miles 
above Rhoda, takes a N.W. course for about 15 miles, and then, 
uniting with the tail of the Sohagiah, follows the depression 
between the elevated Nile valley and the skirt of the Libyan 
desert, until arriving near Illaun, the gorge of entry into the 
Fayum basin of depression. Its course as far as that point is about 
150 miles, during the whole of which it serves both as a drain- 
age channel for lateral overflows of water from the artificial 
basins of the Nile valley, and as an inundation canal for the land 
near its own banks. As it is fed by springs in its bed, resulting 
from infiltration from the Nile above it, it is also a dry season or 
perennial canal to some extent. It has now permanent head- 
works at its off-take, and a few stopdams in its course. At one 
time, perhaps in the time of Saltari of Yusuf-ud-din, it had none, 
or only temporary headworks, and was in an entirely unregulated, 
uncanalised state. At present it serves important objects both 
as a flood canal and as a perennial canal, although its condition 
throughout most of its course is rough, untrimmed, and varying 
little from its original natural state. 

From the fork at the Illaijn gorge, one branch of the Yusufi 
enters the Fayum through a regulating dam, and continues to a 
storage basin, near the town of Madinet ; on this the whole of 
the province is dependent for irrigation water, both in flood and 
in dry weather. In the Fayum therefore the Yusufi assumes 
the conditions of a river. 

From the fork at Illaun, the other or direct branch of the 
Yusufi proceeds northward, skirting the Libyan desert, and 
continues as far north as the head of the Delta. Beyond that 
even there is some depression of the ground continuing as far as 
Lake Mariut, and this might also be termed a continuation of 
the Yusufi, as it probably was so at some remote period. But 



that must have been before the floods of the Yusufi had forced an 
entrance into the Fayum, and enabled it to spend so large a 
portion of its water in that province. The silting up of the 
northern branch of the Yusufi, or its drying up, must necessarily 
have followed that event. 

The following are the lengths of the Yusufi in the various 
provinces, according to returns : — In Siyut 33 miles, in Miniah 
Si miles, in Benisucf 3S miles, and in Fayum 14 miles; altoge- 
ther 166 miles. But the continuation of the Yusufi in the 
Fayum takes some local name. 

4. The Bahr Bela Ma — This is one the natural drainage 
channels of the Fayum, formed by an overflow from the Yusufi, 
near Awarat el Makta. It takes a northerly course, and acts as an 
inundation canal, continuing to Tamiah, where is a regulating 
dam for storing and drawing off water. The course of this 
ravine continues nearly northward to Lake FI Korn, or Rerun. 

5. The Bahr Ncslat is a large ravine, formed by an overflow of 
a large basin supplied by the Yusufi; its outfall is partly regulated 
by a dam in a large dyke, built for this purpose. It acts to some 
extent as an inundation canal to lands below. Its course is 
southwards, and it appears to lose itself in that direction, proba- 
bly supplying some natural depression with the remnant of its 
flood waters, which speedily evaporates. 

Canals in Provinces east of the Damiad branch of the Nile, in 
Galhubiah, Sharktah, and Dakkaliah. 

1. The Ismailiah Canal — This canal was originally intended to 
follow the course of the ancient canal of Trajan, from the Nile 
near Cairo to the Red Sea. It was provided in the firman of 
30th November, 1854, that it might be constructed as an adjunct 
to the ship canal. The intentions were to form two branches 
from it at Lake Timsah, one going to Pelusium, the other to 
supply drinking water to Suez, and to irrigate 100 000 acres 
during flood ; while the main channel was to be navigable for 
barques and small steamboats from the Nile to the ship canal. 
The amount of supply appeared afterwards sufficient to enable 
dry- weather irrigation of Go 000 acres to be effected. 

The design was drawn up by Linant, in December, 183G. 
The French company proposed several important modifications • 
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but eventually a commission approved of the following design, 
which was partly executed. 

The project consisted in taking water from the Nile at Kasr- 
el-Nil, through a dam provided with sluices and a lock for 
navigation, into a canal following the course of the ancient 
Khalig Zaffranah as far as Kafr Hamza, thence to Menayer, 
onwards skirting the desert to Gawarnah, where, crossing the 
Wadi Timulat, it afterwards follows the northern part of that 
Wadi as far as Nafishah, near Abu Balah. 

The bed level was nowhere to be below ordinary low water 
of the Nile. During the low-water season the supply was to be 
effected by hydraulic machines raising water into it to a height 
of 6 56 feet. The canal to be divided into several reaches by 
regulators, to economise water and reduce the fall. During 
flood, from July to February, each reach to be filled to the level 
of the land to be irrigated The four regulating dams with 
sluices and locks to be placed at Kasr-el-NiI, Kafr Hamza, 
Bulbeis, Gawarnah ; at the last reach, and in each of the two 
branches going to Suez and to Lake Timsah, three locks besides. 
This canal was capable of irrigating 31 000 acres of additional 
or unirrigated land on both banks during flood. 

The company engineers afterwards altered this canal by 
abolishing the reaches, and adopting free-flow ; and by making 
it partly a Seifi or dry season canal, increasing its depth to 6 56 
feet below low water of the Nile. They then reverted partly to 
original project. 

Eventually the canal was abandoned to the Egyptian Govern- 
ment A mixed project, consisting of several reaches of canal 
having different depths, and stop-dams acting to different levels 
was the result. A temporary supply of water through the 
Shubra Canal was employed, and the works left in an incomplete 
condition, without any headworks at Kasr-el-NiI. 

The length of the Ismailiah Canal is given as 61 miles, and 
the amount of earthwork in it as 388 million cubic feet. 

2. The Sherkawah Canal, made in 1840 under Muhammad 
Ali, has its off-take near Cairo, above Shubra, near the village of 
Mansurah. It is to the south of the remaining canals, and has 
a far larger discharge, owing to its greater fall and direct course. 
Its off-take is free from silt. It supplies water to the whole 
province of Galliubiah, and divides into two branches, the 
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but eventually a commission approved of the following design, 
which was partly executed. 

The project consisted in taking water from the Nile at Kasr- 
el-Nil, through a dam provided with sluices and a lock for 
navigation, into a canal following the course of the ancient 
Khalig Zaffranah as far as Kafr Hamza, thence to Menayer, 
onwards skirting the desert to Gawarnah, where, crossing the 
Wadi Timulat, it afterwards follows the northern part of that 
Wadi as far as Nafishah, near Abu Balah. 

The bed level was nowhere to be below ordinary low water 
of the Nile. During the low-water season the supply was to be 
effected by hydraulic machines raising water into it to a height 
of 6 5 6 feet. The canal to be divided into several reaches by 
regulators, to economise water and reduce the fall. During 
flood, from July to February, each reach to be filled to the level 
of the land to be irrigated The four regulating dams with 
sluices and locks to be placed at Kasr-el-Nil, Kafr Hamza, 
Bulbeis, Gawarnah , at the last reach, and in each of the two 
branches going to Suez and to Lake Timsah, three locks besides. 
This canal was capable of irrigating 3 1 000 acres of additional 
or unirrigated land on both banks during flood. 

The company engineers afterwards altered this canal by 
abolishing the reaches, and adopting free-flow ; and by making 
it partly a Seifi or dry season canal, increasing its depth to &5O 
feet below low water of the Nile. They then reverted partly to 
original project. 

Eventually the canal was abandoned to the Egyptian Govern- 
ment A mixed project, consisting of several reaches of canal 
having different depths, and stop-dams acting to different levels 
was the result. A temporary supply of water through the 
Sliubra Canal was employed, and the works left in an incomplete 
condition, without any headworks at Kasr-el-Nil. 

The length of the Ismaihah Canal is given as 61 miles, and 
the amount of earthwork in it as 388 million cubic feet. 

2. The Sherkazvah Canal \ made in 1840 tinder Muhammad 
Ali, has its off-take near Cairo, above Shubra, near the village of 
Mansurah. It is to the south of the remaining canals, and has 
a far larger discharge, owing to its greater fall and direct course. 
Its off-take is free from silt. It supplies water to the whole 
province of Galliubiah, and divides into two branches, the 
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Shibiii and the Kanatcr, which fall into the canal going from 
Zagazig to the Wadi Tumilat Canal , it supplies the Ismailiah 
Canal, and continues beyond the Wadi Canal to Horbait, 
Salhiah, and the marshes near Lake Mcnzalch. It also irrigates 
rice-fields from Mansiirah (town) to Damiat. Its length is 
1 8 miles. 

3 The Wadi Tumilat Canal. — This is not supplied direct 
from its off-take in the Bahr Mocz at Zagazig, but depends on 
the Sherkawah and the Bessussiah Canals for supply , also on 
a provisional off-take from the new canal from Shubra to 
Nemriah, or intended freshwater canal for the supply of Suez. 

The Wadi Canal was made in 1828 expressly to supply a part 
of the Sherkiah province, lower than the rest, called Wadi 
Tumilat. This Wadi was formerly supplied in excess during 
floods from the neighbouring higher lands A drainage channel 
was first made to Abu Balah and Lake Timsah, but it was not 
deep enough to carry off the collected waters. Besides this 
disadvantage, the Wadi Tumilat did not receive any water iu the 
dry season ; hence no crops could be grown at any time in the 
year. 

Muhammad Ali then caused dykes and channels to be made 
to stop the flooding and to drain the land into lake Mcnzalch. 
He also made the Wadi Tumilat Canal for summer supply; 
but originally it drew its water from the Bahr Mocz, in which 
there was plenty available. Afterwards, when the supply in the 
Bahr Mocz dwindled to little or nothing, the Wadi Tumilat 
Canal drew on the other canals before-mentioned. 

4. The Bahr Mocz. — This was the Tanitic branch of the 
Nile; in 1837 it was navigable all the year round, but latterly 
silted up. 

It had lieadworks at Mit Radi, near Benha, on the Damiad 
branch of the Nile, and after a course of 92 miles entered Lake 
Menzaleh near the ruins of San, an ancient town It was named 
after Moezuddin Sultan, about 970 A.D. 

5. The Naltran Canal , watering the district of A2izi, m the 
province of Sharkiah, is 167 miles long, and has a water 
surface of 6S5 acres. 

6. The remaining four perennial canals of these provinces, 
mentioned in the list, carry their waters northward. The 
Mityahecha irrigates land between Semballawenah, and the 
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Bahr Mocz. The Donded and Bukiah supply lands of Scmbal- 
lawenah, Tclbani, Shubra, Kor,and between Sunah and the Bahr 
Serayer. The Mansuriah waters land as far as Mansurah, and 
supplies the Bahr Serayer for cultivation as far as Menzaleh. 
The discharges of these four canals arc given in the list ; but 
no details of the works are forthcoming, beyond the fact that 
they all have regulating dams at their off-takes. 

Canals of the Middle Delta in Manuffiah and Garbiah. 

i Bahr Sktbtil Canal . — The Bahr Shibiri is an old watercourse 
or natural drainage channel ; in time of flood it also served as 
an inundation canal ; and from the large amount of water it 
then delivered was productive of much damage. It hence 
required regulating as a flood channel, and was at the same time 
partly formed into a perennial canal, by making a regulating 
dam on it, forming a new or altered course, and supplying it 
above the dam through a new channel of supply. Thus the old 
watercourse was transformed into a canal. In 1839 and 1840, 
the Karinein regulating dam was constructed under Ltnant, not 
merely for the amelioration of the Bahr Shibiri, but rather to 
serve as a preliminary to the construction of the larger dam at 
the head of the Delta, the designs for which had already been 
made under the joint labours of Linant and Moujel. 

The Karinein dam was built to one side of the old Bahr 
Shibiri channel, in a depression that afterwards became the new 
water channel. 

The dam with its wings was 328 feet long, and 121 feet wide 
over all, with a footing 33 feet wide above the dam itself, in 
stone-boulder work. The foundation walls were in rubble, 4'2 
feet thick, with a course of brickwork V64 feet high, bonded 
with a facing of ashlar throughout the length, and piers of 
ashlar. It had ten arched passages, 16-4 feet wide, the inter- 
mediate piers being 9'8 feet wide and 29' 5 feet high to the level 
of the crown of the arches ; the whole being in ashlar. The 
foundation surface was 6*56 feet below ordinary low-water level. 
On the right bank was a lock for navigable passage, 23 feet wide 
and 23 feet long, having a movable sliding wooden bridge over 
it The foundations were set dry; and the water used below 
water-level was a mixture of quick-lime and clayey alluvial 
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earth, finely ground and well mixed. Above water-level the 
mortar used was common lime mixed with sand, and some 
artificial pozzolano. The lock-gates were of wood of ordinary 
construction, but the sluice doors were never made according to 
the intended design, which was deemed expensive : vertical bars 
or needles, were substituted for them. 

No foreigners, or European machinery of any sort, were 
employed in the whole work ; the native labourers were educated 
to their work under Linant, and the native appliances, katuas 
(baskets), shadufs (beams) and tabuts (Persian wheels) were em- 
ployed During the absence of Linant, a spring of water burst 
in during the excavation of the foundations at a depth of eighteen 
feet below ordinary low water. The Nile then began to rise. The 
following year the spring was built round and enclosed in the 
shape of a pier, and the masonry work was commenced. The 
excavation amounted to about 15 200 000 cubic feet ; the masonry, 
including rubble, ashlar, and brickwork, 1 766 000 cubic feet ; and 
the cost £40 000, or about double the estimated cost, which was 
enhanced by delays. When the regulating dam and new channel 
were perfectly ready, the old channel of the Bahr Shibiii was 
closed by an earthen dam, joining the wing wall of the masonry 
dam, and pitched with rubble facing. The whole remained in 
perfect order till 1873, and preserved the provinces of Mcnufiah 
and Garbiah from the effects of flood. More than half the 
dry season irrigation in those provinces is supplied through 
the Bahr Shibiii Canal, whose summer discharge is 700 cubic 
feet per second, and length 85 miles It reaches the sea at 
Achetun 

The Bahr Shibiii has, however, a very strong tendency to silt 
up. One off-take silted up, another was made higher up at 
Mit Afifi, which also silted, and was abandoned. The amount 
of annual clearance is very large and is a serious draw- 
back. 

2. The Taguriah Canal, the next largest of the old perennial 
canals, of the two Middle Deltaic provinces, has an off-take 
with great natural advantages , it carries little silt, and seldom 
requires 3ny clearance. Its discharge is 212 cubic feet per second 
in the low-water season. 

3. The Manujiah Canal appears to be a modem large Deltaic 
canal, having its off-take at the Delta head, and alimenting several 
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of the here-mentioned Deltaic canals of Manufiah and Garbiah. 
Details of this canal are not given in the official statistics 
received. But it was certainly commenced by Linant about or 
before 184/. ( See Linant, p. 470.) 

4. The Sahel Canal is also a canal of the province of Garbiah, 
watering the districts of Jafiri, Zafiah and Mahallah ; its length is 
79 miles, and its surface of water 1 436 acres ; further details 
arc not available. 

5. The other Jour small perennial canals of the Deltaic provinces, 
namely, the Sirsawah, the Ataf, the Messid el Khradar, and the 
Bekcrcm have discharges varying from 60 to So cubic feet per 
second in the dry season. Their off-takes are like the two larger 
ones, all on the Damiat branch of the Nile, whose waters are 
higher than those of the Rashid branch. Their overflow and 
drainage go to the waste lands, El Berriah, bordering the 
marshes and Lake Burlos 

Canals in Provinces l Test of the Rashid branch of the Nile. 

1. The Mahvtudiah Canal . — Mehcmet Ali caused this canal to 
be made to supply water to Alexandria, as well as to irrigate 
land, and to create a navigable passage from the Nile to that 
town. The work was done by a forced levy of 320000 men, 
supplied with picks and shovels, and rations of bread or biscuit. 
Its length is about 48 miles. Its course was for some distance 
nearly that of the old canal of Alexandria, which had its off- 
take at Ramaniah, and passed Zawet el Gazal on its way to 
Alexandria ; this was small, unnavigablc, in very bad order, and 
merely supplied the cisterns of the town during flood season ; 
it had a winding course, in order to avoid embankment on low 
ground, about Malagat Diessi and the marshes near Lake 
Etko. 

The off-take of the Mahmudiah was made at Atfah below 
Fuah, and much below the old off-take, so as to avoid fall in the 
ground, and to secure a better position for an off-take. Many 
of the sinuosities in the course are due to the mode of con- 
struction in those days : work was started first, the course 
and the design hurried into afterwards, by joining the pieces of 
canal made at hazard. 

Much of the excavation was in mud, some in rock; parts in 
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embankment riveted with masonry extended for about 8 miles. 
It is said that 360000 men were employed on it The supply 
of the Mahumdiah was increased by water collected in the low- 
lands of Malagat Dieschi, which thus served for storage. 

At Atfah there was originally no rock, and merchandise was 
transferred into other boats at that place for many years ; but in 
1842 a lock for navigation was made at Atfah and another at 
Alexandria, where it debouches in the Old Port, after a course 
of 47 miles 

The course from Atfah to Zawat el Gazal soon silted up ; a 
fresh off-take was then made higher up, but this new reach 
shared the same fate. An additional supply was then obtained 
from the Khatatbah Canal, whose off-take is about 30 feet higher 
than that of the Mahmudiah at low water ; thus a navigable 
depth in the Mahmudiah could always be secured. The defect of 
this arrangement consisted in the enormous quantities of silt 
and earth brought from the temporary earthen dams of the 
Khatatbah. Dredging was adopted to mitigate this, but with 
little effect. 

As to irrigation, at first less than 4 000 acres of perennial (sefi) 
irrigation was effected by the Mahmudiah Canal , this gradually 
increased to u 545 acres in 1849, for which the summer supply 
of the Mahmudiah was insufficient. The Khatatbah at that time 
had not enough water for more than 20000 acres of perennial 
irrigation, while the direct demands on it were equal to those on 
the Mahmudiah, besides the indirect supply through it. 

In 1849, Moujel and Arnaud set up steam pumps at Atfah 
for augmenting the summer supply of the Mahmudiah Canal 
from the river. These only effected onc-tenth of the intended 
results ; yet they served to keep up the navigation with difficulty. 
The perennial irrigation was gradually nearly doubled ; and 
the supply of the Khatatbah was largely employed in cotton 
cultivation ; besides, the series of cisterns in Alexandria were 
allowed to fall out of use. Hence, not only was navigation on 
the Mahmudiah nearly impracticable, but in JS69 and 1870 the 
water-supply of Alexandria failed. 

2. The Bchcra Canal, having an off-take at the head of the 
Delta, was completed soon after 1872. It was intended 
to supply the whole of the Bchcra province, and remedy the 
shortcomings of the Mahmudiah and the Khatatbah Canals, 
r 
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The details of this large canal arc not given in the official 
reports, but it appears that as early as 1847, Linant was 
employing 80 000 men on the construction of this canal, and the 
Manufiah and Sharkiah Canals (p. 470 of Linant). 

The length of the Behera Canal was given as 2 6 miles, and 
its amount of earthwork at 353 million cubic feet in the official 
returns for 1873, 

3. The Khatatbah Canal . — Some information about this canal 
has already been given under the head of Mahmudiah Canal, as 
the latter canal is supplied by the former 

The Khatatbah has its off-take near Bencsalamah and Abu 
Neshabah ; its length is about 82 miles, and it waters the 
Behera province, in flood as well as in the dry season. Its 
chief branches are the Amin Aga, and the Abu Diab, but these 
act mostly in the flood season. There arc several permanent 
dams on the Khatatbah, as well as the temporary dams of earth 
and straw that cause so much harm in silting up this canal, as 
well as the Mahmudiah 

Other Works of Irrigation, 

MoujeVs Dam . — Muhammad Ali having noticed that the 
closing of the Pharaoniah Canal did not augment the supply in 
the Damiad branch of the Nile, but that the Rashid branch was 
receiving more supply than before through the Chabagan and 
Darawah cross channel, wished to construct a dam at the head 
of the Delta. His notion was to close the supply to the Rashid 
branch entirely, and to divert the whole of the Nile into the 
Damiad branch, from which all the Deltaic canals take their 
supply. He thought that he would then be able to introduce a 
perfect sheet of perennial irrigation over the whole cultivable 
surface of Lower Egypt, that is, over 3 800000 acres, of which, 
at that time, only 2 150000 acres were irrigated in flood, and 
very little in the dry season In 1833 he gave orders that this 
should be done, but, on the advice of Linant, modified his 
intention, and ordered a regulating dam to be made across the 
whole of the Nile at the head of the Delta A committee was 
then appointed to consider the matter, and it was then proposed 
to carry out the intention, and to supply from above dam three 
large canals — the Sharkawah Canal for the provinces east of 
the river, the Manufiah Canal for the Deltaic provinces, and 
the Behera Canal for the western provinces of Lower Egypt. 



CANALS. 


211 


After six months of preliminary work with 1 200 forced 
labourers, without bread, lodging, or tools, arrangements were 
madaundef which the foundations of the dam began id earnest 
under the direction of Linant, the general design of the super- 
structure not having been worked out. Some difficulties were 
also caused by Court intriguers. In February, 1835, the works 
were suspended on account of a plague. In July, 1835, Linant 
had completed and delivered a complete series of plans for the 
dam and works connected with it; but intriguers seem to have 
influenced Muhammad Ali against the proposed works, and his 
attention was also diverted to political matters and war in 
Syria. The works came to a standstill. In 1837 a committee 
on the proposed dam was appointed ; yet, contrary to their 
recommendation, Muhammad Ali declared that he did not want 
a dam In June, 1842, Moujcl, a French engineer, who had been 
employed in making a dock at Alexandria, had induced the 
Viceroy to order Linant to deliver to him all his plans and 
documents relating to the dam. Moujel then drew up a 
modified design, sent it to Paris, and obtained the report of a 
council of French official engineers on it in January, 1843. The 
opinion expressed was generally very unfavourable ; yet the 
Viceroy very soon ordered Moujcl to begin the works 

An interval of eight years had thus elapsed, and the works 
were to be recommenced on a fresh design and under new 
control. 

Some of the chief differences between the two designs may 
be noticed 

1. The estimate of Linant put the complete cost at £840 000, 
while the actual cost of that of Moujcl had, in April, 1S53, 
amounted to £1080 000 before completion, without any 
allowance for the forced labour that had been employed. 

2. The general dimensions of the dam (and its passages) as 
designed by each, are about the same : the heights above datum 
level, &c., correspond, but the piers in Linant’s design were wider. 

3. The position of Moujcl’s dam is rather abo\e the dam of 
Linant, and has not the same advantage, namely, of having old 
and firm soil under the foundation ; but the distance between 
the two actual dams on the branches is less. 

4. The works of Moujel in the actual river beds required 
European skilled labour and management, while those of Linant, 



to be executed in a bend, followed by a diversion, could be 
done by natives. 

5. The width of Linant’s foundations was nearly double that 
of Moujel ; but in some respects the arrangements of the 
former appear to have been defective in the original design. 

6. The up-stream and down-stream shutters of Linant 
were coupled, to balance the water-pressure. The sluices of 
Moujel were complicated, and depended on the action of 
compressed air. 

In June, 1847, Moujel commenced putting in concrete for the 
foundation of the dam on the Rosetta branch, hoping to finish 
it at low-water season ; he was also hurried in the work by 
the peremptory order of the Viceroy. This alone was, perhaps, 
sufficient to account for much of the defective work ; in 
addition, the low-water level in 1S47 was about three feet 
higher than that of the year before. 

It seems that much of the concrete thrown in on the sandy, 
shifting bottom never set properly ; the dredging was, perhaps, 
never carried to a sufficient depth in some places, while the 
excavated soil was heaped up on both sides, close to the 
exterior edges of the foundation, to a height of 26 feet, causing 
pressure and serious slips. An attempt was made, by crowding 
men on the works, to remove the excavated soil to a distance ; 
but this seems to have been either ineffectual or too late. The 
concrete foundations had probably been already forced up in 
some places. Besides, in the deeper parts of the bed, the lower 
part of the foundations were made of random stone thrown 
in to settle, and on this the concrete course was set on a level 
with that in other parts, where it rested on sand. If this was 
the case, it was a very gross error : sure to involve uneven 
settlement, or undermining in some form, for which Moujel 
cannot be excused ; unless he had been already worried out of 
his senses. 

There yet remained one possible error to be made, and 
Moujel was forced to make this: the superstructure of piers 
was commenced before the foundation was finished, under 
peremptory orders. 

In March, 1S52, Abbas Pasha wished to abandon the works. 
In April, 1853, a committee was appointed to examine them on 
the departure of Moujel. In spite of the then fully known 
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defects in the foundations, the piers, arches, and superstructure 
generally, including the sluices, were continued under Mazhar 
Bey. The damaged portions became gradually worse. 

In November, 1861, a committee appointed to examine the 
works recommended that the foundations should be rendered 
perfectly secure, that a diving-bell should be used, and that the 
sluices should not be closed until the foundations were in a 
perfectly sound state, especially the part in random stone. 

In 1 86 $ another commission made recommendations to the 
same effect; but they were not carried out. In 1865 a diving- 
bell arrived, but it was left unused for a long time , when, at 
length, an attempt was made to use it, it was useless for 
immediate work, and required repair. 

Finally in spite of these repeated warnings, the sluices were 
closed against a rise of about 5 feet of water ; and this completed 
the mischief. 

In the flood of 1867 it was discovered that nine piers and 
nine arches were cracked, also that this portion of the dam 
had moved slightly down stream, detaching itself from the rest. 
There was also a movement near the large lock, where the 
foundation had been made on random stone. 

The expenditure on the works, with the loss of interest on the 
capital at 10 per cent, during so many years, combine to form 
an enormous loss 

Linant did not, in 1873, despair of putting MoujeFs dam in 
good order ; but recommended an expenditure of one million 
sterling more, to reconstruct the defective parts of it 

The history of this dam reminds one of the ancient story of 
Job: an honourable man, with many opposers, was here replaced 
by an honourable and skilful man with the bureaucratic oppo- 
sition of the infallible French Ponts et ChausstJcs, who set up 
Moujcl. The same story has been repeated in India very often, 
terminating in the expulsion of Job. Yet in Egypt, under a 
despotism, Linant was less severely treated; though doubtless 
accused of want of tact and superseded, he was not entirely 
ousted from service in Egypt. 
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The General conditions of irrigation in Egypt, described by 
Linant, are of two sorts • first, that from floods, and through 
canals, channels and watercourses supplied by flood water only 
(nili) ; secondly, the perennial irrigation, or dry weather supply 
(sefi), through canals having their off-takes below low water level 
of the river. 

The former is ancient ; the latter, as far as known, is entirely 
modern, and due to the introduction of cotton cultivation. The 
superimposition of the latter on the former, though adding to 
the amount of cultivation, is supposed to be disadvantageous 
generally, causing deterioration of the soil, and injuriously 
altering the old conditions of the river channels. These results 
are gradual, and if not counteracted will eventually produce 
serious harm. 

Flood irrigation in Upper Egypt . — As the channel of the Nile 
is in a slightly elevated ridge, formed by its own deposits, its 
floods pass over its banks and water the land on both sides, 
passing off in watercourses beyond. For convenience in taking 
off and in retaining this water on the land to the west of the 
river, where the breadth of cultivation is greater, a series of 
dykes with openings in them have been made, which probably 
have existed for ages. There is a long dyke along the river 
bank and another along or near the desert edge ; there are also 
large transverse dykes between them. The irregular rectangular 
basins thus Formed are of different sizes, the largest heing nearly 
40000 acres in extent; but some of them are sub-divided again 
by dykes placed lengthwise, to separate the higher land near the 
river from the lower land near the desert. 

Almost all of them have special channels of supply, which 
have their bed level at 10 to 12 feet below the lands and the 
flood level; which is also about 10 to 12 feet above summer 
level of the Nile. The bed levels of these channels are so 
arranged as not to receive any heavy silt from the river, but 
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merely the light suspended fertilising matter. ' They are hence 
supplied only after sufficient rise in the river ; sometimes one 
channel supplies several basins successively, there are then 
regulators at the intermediate dykes. Ordinarily, after one 
basin is filled, the water flows off through sluices in the dykes 
in the natural water-courses away from the river, as the 
Sohagiah and Bahr Yusuf; but the supply may be reduced by 
flow either to these watercourses, or towards the Nile at will ; as 
there are also outfall sluices leading to it, near the lower corner of 
the basin along the river course. On the east bank of the river 
the basins are all detached, as the high ground comes close to 
the river in several places. 

In the event of a very high flood of long duration, it is 
impossible to discharge water from a basin into the river at any 
required time; it may then be compulsory to allow water to 
remain late on the lower part of the basin ; worms are then bred 
which destroy any grain sown and spoil the crop. If the flood 
be low and late, some water may remain late in the lower lands 
of a basin ; if this is eventually passed ofT into an inferior basin 
where sowing has begun, the sowings are thus spoilt by the 
second watering supplied in this way. 

The land west of the Bahr Yusuf is also divided into flood 
basins watered from it, from its off-take down to the Illaun 
Gorge, where it enters the Fayum. The flood channels (or mli 
canals), before mentioned, diminish gradually in depth, their 
beds terminating by arriving at ground level of the last land to 
be watered from them ; their falls are hence dependent on the 
two conditions : first, of starting from the river with a bed level 
about 13 feet below land at that off-take; secondly, of ending at 
ground level on the last field to be watered; these conditions 
both depend on the fall of the land The details of these 
cases would not be valuable, for they do not seriously affect the 
supply. 

Flood irrigation in the Fayum . — The flood water of the Nile is 
almost entirely supplied to the Fayum through the Yusufi or 
Bahr Yusuf channel which enters the Fayum through a regulat- 
ing dam at the Illaun. (For details of its course, see under 
Bahr Yusiif, among Canals) But this dam connects two dykes 
one directed to the S. W. joining the Sediment Hill, the other to 
N. \\\, to Gisrat Gadallah, and this latter also has sluices towards 
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The General conditions of irrigation in Egypt, described by 
Lmant, are of two sorts: first, that from floods, and through 
canals, channels and watercourses supplied by flood water only 
(nili) ; secondly, the perennial irrigation, or dry weather supply 
(sefij, through canals having their off-takes below low water level 
of the river. 

The former is ancient ; the latter, as far as known, is entirely 
modern, and due to the introduction of cotton cultivation. The 
superimposition of the latter on the former, though adding to 
the amount of cultivation, is supposed to be disadvantageous 
generally, causing deterioration of the soil, and injuriously 
altering the old conditions of the river channels. These results 
are gradual, and if not counteracted will eventually produce 
serious harm. 

Flood irrigation in Upper Egypt . — As the channel of the Nile 
is in a slightly elevated ridge, formed by its own deposits, its 
floods pass over its banks and water the land on both sides, 
passing off in watercourses beyond. For convenience in taking 
off and in retaining this water on the land to the west of the 
river, where the breadth of cultivation is greater, a series of 
dykes with openings in them have been made, which probably 
have existed for ages. There is a long dyke along the river 
bank and another along or near the desert edge ; there are also 
large transverse dykes between them. The irregular rectangular 
basins thus formed are of different sizes, the largest being nearly 
40000 acres in extent; but some of them are sub-divided again 
by dykes placed lengthwise, to separate the higher land near the 
river from the lower land near the desert. 

Almost all of them have special channels of supply, which 
have their bed level at 10 to 12 feet below the lands and the 
flood level; which is also about 10 to 12 feet above summer 
level of the Nile. The bed levels of these channels are so 
arranged as not to receive any heavy silt from the river, but 
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merely the light suspended fertilising matter. They are hence 
supplied only after sufficient rise in the river ; sometimes one 
channel supplies several basins successively, there are then 
regulators at the intermediate dykes. Ordinarily, after one 
basin is filled, the water flows off through sluices in the dykes 
in the natural water-courses away from the river, as the 
Sohagiah and Bahr Yusuf; but the supply may be reduced by 
flow either to these watercourses, or towards the Nile at will , as 
there are also outfall sluices leading to it, near the lower corner of 
the basin along the river course. On the east bank of the river 
the basins arc all detached, as the high ground comes close to 
the river in several places. 

In the event of a very high flood of long duration, it is 
impossible to discharge water from a basin into the river at any 
required time; it may then be compulsory to allow water to 
remain late on the lower part of the basin ; worms are then bred 
which destroy any grain sown and spoil the crop. If the flood 
be low and late, some water may remain late in the lower lands 
of a basin ; if this is eventually passed off into an inferior basin 
where sowing has begun, the sowings are thus spoilt by the 
second watering supplied in this way. 

The land west of the Bahr Yusuf is also divided into flood 
basins watered from it, from its off-take down to the Illaun 
Gorge, where it enters the Fayum. The flood channels (or nili 
canals), before mentioned, diminish gradually in depth, their 
beds terminating by arriving at ground level of the last land to 
be watered from them ; their falls arc hence dependent on the 
two conditions ■. first, of starting from the river with a bed level 
about 13 feet below land at that off- take ; secondly, of ending at 
ground level on the last field to be watered ; these conditions 
both depend on the fall of the land The details of these 
cases would not be valuable, for they do not seriously affect the 
supply. 

Flood irrigation in the Fayum . — The flood water of the Nile is 
almost entirely supplied to the Fayum through the Yusufi or 
Bahr Yusuf channel which enters the Fayum through a regulat- 
ing dam at the Illaun. (For details of its course, see under 
Bahr Yusuf, among Canals) But this dam connects two dykes 
one directed to the S. W. joining the Sediment Hill, the other to 
N. \\\ to Gisrat Gadallah, and this latter also has sluices towards 
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Fayum, for drawing off excess of flood water from the next 
northern basin down the Nile Valley, in which water is retained 
by the large Koshckah dyke. The flood supply to the Fayum 
is plentiful ; the land is divided into basins formed by dykes, 
and smaller sluices and susidiaiy channels supply the different 
parts of it. The level of the land varies greatly ; it is generally 
a large depression or basin, whose lowest part is occupied by 
Lake El Korn, or Birkat Kenin ; the rest consists of three 
plateaux, successively lower from the sill at the Illaun Gorge 
down to the lake, the whole difference of level is about 203 feet, 
but the lake is below sea level. 

Flood irrigation in Lower Egj'gt . — The general mode is the 
same as in Upper Egypt, and has been so, certainly since 1823. 
The floods, coming down the two branches of the river in the 
Delta towards Rashid and Damiad, overflow the banks and 
spread over the land ; which is divided into large inundation 
basins by dykes at right angles to the course of the river. The 
overflow or drainage from these basins takes different courses, 
forming the permanent drainage channels of the Delta, and of 
Lower Egypt to east and west of the two branches. These 
discharge into the various large lakes and swamps near the coast 
It will be noticed that everywhere the irrigation effected by 
floods under this system supplies light fertilising sediment to the 
soil, thus maintaining its productive power ; while heavy 
deleterious silt, resulting from local scour in the river channel, 
&c, does not interfere with either the channels of flood supply 
(canals nili) or with the land. The crops of the flood season 
are generally wheat, beans and barley ; in the north part of the 
Delta rice is also grown as a flood season crop. 

Perennial Irrigation . — Although there was doubtless some 
perennial irrigation in Egypt in ancient times, the amount of it 
was probably small, and it was obtained entirely by lift, with 
such appliances as chains of pots, beams, and buckets, &c. A 
strictly perennial (or saifi) canal, drawing a supply from the 
Nile in its low stage, and supplying land direct from it by flow, 

Is comparatively modern ; dating from the introduction of cotton- 
growing, by Jumel and Maho Bey in the time of Muhammad 
Ali. 

The earlier perennial canals have their off-takes at a level 3*5 
to 4'5 feet below mean low-water level of the river ; most of 
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them, especially those from the upper part of the valley, are 
dug to about 28 feet below ground level at their commencement ; 
their depth diminishing gradually until their beds arrive at 
ground level at the furthest land to be watered. Their courses 
are very long, so as to carry water as far north as possible. 
Their falls are less than that of the river at low water, and are 
hence very gradual, as the object is to water without any need of 
lift ; but one result of this very slight fall is that the discharge Is 
small, particularly so in unusually dry seasons. 

They serve chiefly for watering cotton, rice, and sesamum, also 
maize ; the sowing takes place at the end of April and the 
beginning of May ; the watering from them continues until July, 
or till flood season begins. The clearances of their channels and 
off-takes, which arc loaded with heavy, coarse silt, also are effected 
between April and flood. 

The ordinary mode of watering land from these perennial 
canals is to block the passages in permanent dams, or to build 
small temporary dams in the canals at various distances apart, 
dependent on the fall, and thus raise the water level in them up 
to the level of the land to be watered. The land is then watered 
through simple cuts in the canal banks , and the silling up of 
the channel seems to be disregarded In places far above the 
first dams, and on the banks, the water is obtained by lift 
from the canals, from the river, and from collecting shafts. 

Some crops are, however, not watered continuously ; ns cotton 
baali, which is watered perhaps only twice after sowing in the 
beginning of May, and may remain un watered to the end of 
June; it then receives a plentiful flood supply , the resulting 
crops are of course scanty. In better cases the crops receive 
about half the fully suitable amount of watering 

The full amount would be one cubic foot per second to 120 
acres generally, or to too acres when rice alone is grown, at this 
season. 

Double Irrigation — However beneficial the effect of grow ing dry 
season crops may be to Egypt,it is needful also to notice the effects 
of superimposing perennial irrigation on land irrigated in flood. 
The primary or flood basins of the land ha\e parts dmded off in 
them by dykes for perennial basins of irrigation , these dykes 
keeping out the flood waters that arc mostly not wanted , that 
is to say, apart from half season crops. Hence the amount of 
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flood water utilised has been much decreased since olden times. 
The results arc that the drainage channels of the region carry off 
less water ; the old flood canals arc less used, less filled, and 
become unnavigable ; and the river channels arc filled in flood to 
a very high level. Also the land from which the floods arc shut 
out loses the fertilising silt it would otherwise get, and the soil 
thus deteriorates greatly by gradual exhaustion. 

Besides, though the flood water may be shut off from the 
surface, there is yet a certain amount of infiltration from below 
which may produce efflorescence in the dry weather, and spoil 
the soil ; for almost all the land is impregnated with salts of 
some kind. If the land is thus allowed to remain unflooded 
for several years it become sterile. 

The use of old manure from ancient ruins for hastening maize 
crops, and clearing the land before the Nile becomes too low for 
convenient watering, increases the before-mentioned tendency to 
sterility ; for that manure contains salts in abundance. The 
natural remedy is to flood and wash the land, as well as to drain 
it well ; but this involves loss of the crops of the season, and 
perhaps of the whole year ; hence it is perpetually deferred. 

[For the perennial crops of cotton, maize, and rice sown in 
May, June, or even sometimes much later (in August), arc 
harvested during the flood season.] 

Last, the introduction of perennial canals has involved an 
enormous amount of needful clearance of silt, annually ; while 
much of the cleared silt is washed back again by the next flood 
or two. The amount of annual clearance necessary is given in 
the tabular statement or list of perennial canals. At a rough 
estimate, it is the removal of 500 million cubic feet to a distance 
of 200 feet, and to a height of perhaps 40 feet. When effected 
by manual labour, it is the loss to the population of 60 days' 
work, besides coming and going; for the average day’s work, in 
wet silt, under the conditions of the case, does not exceed 18 
cubic feet, though in the upper or dry silt it is 24 cubic feet ; and 
some of the districts are unable to supply enough men for the 
clearance of the canals supplying their own district. 

Even if steam power be used during the available four months 
of the year, the annual expense would be about half a million 
pounds sterling for the clearance of the perennial canals of 
Lower Egypt alone 
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There is no doubt that much of the silt difficulty is due to the 
use of temporary earthen dams in the perennial canals ; but even 
if the large expense be incurred of building the large number 
of masonry or brickwork regulating dams necessary to replace 
them, the evil would merely be mitigated, not removed; for 
wherever a current is checked, silt will fall. 

Remedies * — While there are many and conflicting views as to 
the best possible means of extending perennial irrigation in Lower 
Egypt — whether by a dam at the Delta head, or by a large, long 
canal with head works opposite the Fayum, or by enormous 
expense in steam pumps — it may yet be considered whether 
perennial irrigation, strictly as such, and on a large scale, is 
absolutely necessary to Egypt. A moderate amount of it might 
suffice. As for the rest, in the form of anything to replace the 
hitherto wished-for remainder, it is very possible that the 
remedy may be arrived at by some new agronomic develop- 
ment of half-season crops, or early and late crops of produce of 
selected suitable sorts. Good gardening, training, and agricul- 
tural management of an advanced type could doubtless supply 
this development. There are at present some half-season crops 
grown in Egypt, and there is no apparent reason why skilful 
gardening may not introduce many more. Such crops could be 
supplied with a moderate amount of water from the Nile in its 
intermediate stages only, and the expense of so doing would be 
comparatively small, as the lift would be less everywhere, the 
silt difficulties would be very greatly reduced, and the various 
anticipated contingencies dependent on the larger strictly 
perennial schemes would cease to become subjects of dread and 
of dispute. 

Perhaps this suggestion may be utilised to the benefit of the 
Egyptian people. 
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The Chief Crops of Egypt, estimated for 1871, according to Is 
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b 
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Wheat of Upper Egypt 

1-2 

2-3 

34 
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‘ I OOO OOO 

} 21 483 
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1-2 
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2 

3 
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2 

3 
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4 

5 

6 
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7 

9 

10 
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Sorgho, summer .. 
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4 

7 

S 

9 

6 

10 

} - 
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Rice . 




0 

464 212 

464 

Beans of Upper Egypt .. 

12 

1 

2-3 

6 348 230 


| 12944 

„ Lower Egypt 

12 

1 

2-3 
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Lentils 

1 

2 

3 
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1 

2 

3 
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77 2 3 s 
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2 

3 

4 
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5889I 

219 
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12 

1-2 

1-2 
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4 

8-1 1 
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8 

10 
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25 
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... 
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O 

4 
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2 

3 
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42 

Cotton 
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15 s 2 47 
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t 

5 

6 
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J 3 °55 
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l incomple 


Other crops are garden produce, halfa, dyes, drugs and fruit trees. 


* Shows error in the original. + In excess of pastured fodder. 
The radeb or cubic cubit is nearly 7 cubic feet English 
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u>iK Pasha; with details of Sugar Cane and Cotton Crops. 
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* 
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20 
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35 
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78 

3 
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Acres 
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4 
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61 779 

'5° 
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340S 
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Garbiah 
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12 

*37 *58 
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| • 
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Lower Egypt 
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1 
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The Chief Crops of Egypt, estimated for 1871, according to Hmau 



Month of 

Amount of Produce 
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Upper and 


Total 

Chief Crops. 

ti 

g 

Middle Egypt. 
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e 
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Cubic feet 

Cubic fed. 

Cubic feet 

Wheat of Upper Egypt 

1-2 

2-3 

34 
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„ of Lower Egypt 
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2-3 
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14 419 468 
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2 

3 
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„ Lower Egypt . 

2 

3 
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Maize Satfi . 
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4 

7 

5 
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Sorgho, summer 
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4 

7 

5 

9 

6 

IO 

I • 
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Rice . 


... 


0 

464212 | 
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Beans of Upper Egypt ... 

12 

i 

2-3 

6 348 230 
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„ Lower Egypt ... 

12 

i 

2-3 



Lentils 

I 

2 

3 

1 318 044 

131 404 

1 449 448 

Lupins 

I 

2 

3 

106 659 

77 *35 

183 897 

Peas 

2 

3 

4 

160 874 

58 891 

219765 

Cloverf Egyptian 

„ Hijaz 

12 

1-2 

1-2 

5*” 

4 

S-n 

| 873810 

356 3>4 

1 230 124 

Sesamum 

6 

8 

IO 

525 

25 326 

25851 

Hemp 

... 

... 

... 

4 200 

0 

4 200 

Linseed 

II 

2 

3 

49 847 

113841 

163 688 





Centals. 

Centals. 

Centals. 

Flax 

H 



8 270 

33 786 

42056 

Cotton 


5-9 


70 163 

1 936 300 

2 006 463 

SugarCane 

I- 1 2 

o 


1 527 100 

158 247 

1 685 347 

Tobacco 

12-2 

5 

6 

f 16366 
( incomplete 

( 3 055 

( incomplete 

1942* 

[ incomplete 


Other crops are garden produce, halfa, dyes, drugs and fruit trees. 


• Shows error in the original. + In excess of pastured fodder. 
The radeh or cubic cubit is nearly 7 cubic fed English. 
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ik Pasha; with details of Sugar Cane and Cotton Crops. 



Sugar Cane Cultivation. 

Cotton Cultivation. 

Mudiriah. 

■f 

*c 

Amount 

■“*! 





•J 







a 

of 



of 







Lands. 



i 

Q 

£ 

Froduce. 

> 


Produce. 

5 


ftcres 

Acres 

Centals. 


Acres 

Centals. 


2snab 

5 018 

iS* 

148 

8 


85 


Cenekossir . . 

o 

2 182 

163 950 

75 



jirgah 

o 

183I 

4587 

25 




ft.SSll.lt 

IO ooo 

J 5 

500 





tliniah &: Bemmazar 

3> 35^ 

26 287 

1 182 915 





Bemsuef . 

2 397 

35 

26 

78 


•ayum 

6 oio 

5 000 

175 000 


("20000 

< 

30 000 
*40 000 

>4 

Jpper & Middle Egj pt 

54 78> 

33 73* 

1 527 «oo 


20 026 

70 163 



Acres 

Acres. 

Centals 


Acres. 



Gizah 

*93 







Galliubiah 


44° 

93 060 

21 1 

32 >>° 

68 240 


Manufiah ... 


411 

61 779 

>5° 

72 939 

218 917 


Shatktah 


285 


125 000 



Garbiah 


284 

340S 

12 

=37 458 



Dakkaliab . 


500 



I26933 



Behera 


>34 



64 73* 

119 070 

>) 

Lower Egj pt 

>93 

2054 

] >5 8 247 


698 971 

1 936 300 


All Egypt .. 

^54 974 

35 785 

| ' 6S5 347 


718997 '2 006463 











He English cental d too It* i* ccaily lit Rantai 
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The Productive Value of Land in Egypt. 

{Extract from the Report of M. SUAREZ, 1883, from personal experience in 
the province of Garbiah.) 

The tenure of land in Egypt is divided into three classes — * 
large holdings, medium holdings, and small holdings ; they are 
all worked differently. 

I. In large holdings the landowner manages his estate through 
inspectors and agents. The labourers receive daily in money 
:£002 per man, and ^0 015 per child, and in kind a quarter of 
the nili maize crop, besides allowing each father of a family an 
acre of land for support of himself and his cattle, at a rent equal 
to the taxes on it The landowner supplies irrigating machines, 
but utilises the manure of the labourer’s cattle 

2 In- medium holdings there is a joint arrangement with the 
labourer. The landowner incurs the taxes, expenses of irriga- 
tion, seed, implements, and material The labourer supplies 
labour until the harvest, when he receives one-fifth of the 
summer (sefi) crops, cotton and legumes; one-fourth of the 
nili maize crop, but no part of the (chatuwi) winter crop. The 
collection, preparation, and storing of the crops is charged to the 
landowner. The labourer has an acre for clover, and supplies 
manure from his cattle as in the former case. 

There are also other modes of division which are less usual. 

3. In small holdings the labourer is his own landlord. He 
cultivates his own land with the help of his wife and children, 
and incurs all the expenses of production. Such holdings are 
the most numerous, and yield the greatest return. 

Rotation of Crop — As there maybe crops of three sorts in the 
year — the chatuwi (winter), the sefi (summer), and the nili 
(intermediate) — it must be noticed that the land employed for a 
nili Crop will afterwards yield a .sefi crop ; also that if there be 
a want of water in the sefi, or dry season, there cannot be a 
sefi crop. But as this report deals with the best land, where 
irrigating machines are employed for two months in the year, it 
is presumed that water is available, and every arrangement for 
securing good crops is made. 

If the sefi and chatuwi crops were alternatively grown* each 
year on the same land exhaustion of the soil would result 
eventually; hence the following arrangement of rotation, over 
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three years, for an estate of 300 acres, is the mode usually 
adopted. The 300 acres arc divided into three portions, A, B, 
and C, of 100 acres each, worked correspondingly and in 
rotation in each period of three years, thus — 


First Year. 



Acres. 

Acres. 

Maize (nih). Clover (nib), Cotton (sefi) . 


zoo A 

Wheat (chatuwi) 


100 B 

Beans (chatuwi) .... 

50 C 


Clover (chatuwi) 

• • 2 S C 


Allotment to labourer for clover . . 

• 25 C 


Second Year 

Beans (chatuwi) 

50 A 

300 

Clover (chatuwi) 

... 25 A 


Allotment to labourer for clover (chatuwi) 

25 A 


Maize, Clover (nili), and Cotton (sefi) 


100 B 

Wheat .... 


100 C 


Third J car 

Wheat (chatuwi) 

Beans 

Clover 

Al'otmcnt to labourer for c!o\er 

Maize, Clover (nili) and Cotton (sefi) 

300 

Some minor details require explanation, in order that the 
follow ing detail of expenses may be clear They arc these : — 
I. The clover (nili) or baali is sown among the maize, half at a 
time, to secure succession of crop ; the second half hence alone 
has to be watered after the maize is cut 2. In the chatuwi 
harvest there arc 1G0 acres to be harvested, out of which Jo 
acres arc of clover reserved for seed 3. Cotton stalks, used as 
fuel for the pumping machinery, are estimated by the hemlali, 
which is about the fifth of the yield of an acre. The hcmlah 
is equivalent to two centals of coal, and is sufficient for one 
watering of two acres of land. 

Assuming succcsmv ely the three conditions of tenure before 
explained, and this rotation, the expenses and income will be 


300 
100 A 

50 B 

2S n 

25 B 

100 C 
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thus in detail for 300 acres of the best land. The reductions 
have been effected on the approximate basis of taking a feddan 
as an acre, and 100 piastres at £1 sterling ; the error in the 
former being about \ per cent., and in the latter 2] 'per cent., 
both in diminution of average values commonly used. 


Gene.ru, Expenses on 300 Acres. 


Taxes on 300 acres at .£T 6 i per year 
Fixed salaries and wages : monthly — 
One inspector, 1 manager, and x clerk 
Four cattle-drivers - . 

Three watchmen or caretakers 


- £™ 


30 

1-8 


£ 


492 00 


For 1 3 months at 


103 = 123 CO 


£00SQ = 12-60 
0-214 = 31-45 
0214 = 942 
0-107 = 12-75 
0-136 = 47-50 
0 121 = 28-33 

142 03 

Lift of water during 2 months — 

One mechanic, 1 s‘oker, and 2 labourers. . . ... ... 9 00 

Fuel, cotton stalks for 6 waterings of 100 acres at the rate 

of j£0-10 for 300 hemlahs 30 00 

Fuel, cotton stalks, for 4 waterings of 50 acres, at the rate 

of ,£0 10 for 100 hemlahs .. ... 1000 

Oil, 90 pounds, at £ 0 013 = 1 572 t 

Grease, 60 pounds, at 0 021 = 1-350 j .. . . .. 3 92 

Rags, &C., for cleaning 1-000 = 1- j 

52 92 


Seed— 

Maize (nili) for :oo acres, 147 cubic feet at 
Closer (baali) „ „ „ 

Clover (meshawi) for 25 acres, 44 „ 

Cotton for 100 acres, in „ 

Wheat ,1 xoo „ 350 „ 

Beans » 5° » 2 33 ». 


Food of Cattle duiing 4 months — for 20 oxen, 3 camels, 
and 7 mules or donkeys. 

Beans, 688 cubic feet, at ^£0 85 = 83 93 I 
Straw, 80 hemlahs, at 010 = 8 00/ 


Total general expenses ... 


. .£902-50 
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IVages of Labourers y 

Two men preparing manure for 8 months at ... fO OfO t= 9 </i 

Two lads for moving manure, &c. , „ . . 0 015 = 7'20 

Spreading manure on ioo acres 0 080 = 800 

£w) 

Onw.tering the second half of 1 days' labour at.,. 0 02 Of/) 

ioo acres of clover (baali) ) 

For clover (meshawi and tashiQ of 25 acres— 

Labour on 25 acres — 2 men per acre at jQO 02 ... l’OO 
Sowing of v „ J man „ . ... 0 2 1 

Eight waterings „ A man „ 1 *92 



Wages expended on the Cotton crop, 100 acres — 

Day*’ 

First preparation of land, 3 men per acre ... -= 300 

Second „ „ s men „ = soo 

Third „ ,, 1 man „ . = 100 

Tashif, or breaking clods . . so 

Takhrif, or trenching, J man per acre . = 33 

Tracing, or setting out land ... 4 

Takhrit. in water-channels, 3 men per acre . s= 300 

First catering ... .. A man per acre - 50 

Nine waterings J man per acre =■ 297 

^002 per man for 1 30 j Q(1 0'l 


Sowing 

,, 0015 per lad 

Thinning the crop 
Weeding — 4 times 


3 men per acre 
1 3 lads per acre 
. 2 men per acre 

4 men per acre 


Four watchmen for 2 months at ^000 per month 


La four under Centra;!. 

Gathering cotton— 500 centals at . Sfi 15 — 75. 
Gathering stalks— 1 00 acres at 0 25 = 20 

Managing channels 10 
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Carried forward 210‘84 

Wages expended on Wheat crop, 100 acres — 

Days’ 

Labour. 

Preparing land twice 200 

Levelling in plots and sowing 200 

First watering 50 

Second watering 33 

Two watchmen for a month 60 


£0 02 per man for 


543 = 10 8 G 


Wages expended on Bean crop, 50 acres — 


Preparing land 
Sowing 

Levelling in plots 

Two waterings 

Two watchmen for 2 months 


5° 

37 

50 

5° 

120 


jQO 02 per man for 307 = 6T5 


On the chatuwi harvest, 160 acres — 

Days’ 

Labour. 

Threshing — 10 men per acre 1 600 

Watching barn-floors — 2 men for 4 months ... 240 

;£0 02 per man for ... .. 1 840 = 3G 80 

Miscellaneous Expenses . 

Unemployed cattle — 3 at ;£20 .. . ... ^G0 

Implements and repairs ... . . . 30 

90 00 

Total expenditure on labour . . .. . . 354 - G5 

General expenses before given . 902 50 

Total expense _£1257T5 

Or about ^4 T9 per acre. 
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Gross Income' from 300 Acres. 

£ £ 

From maize (nili) 100 acres at 35 cubic feet ... = 3 500 
Less one-fourth for labourers, and a deduction for 

carriage of 4 per cent. 896 

or at a price of ;£0 0857 per cubic foot 2 604 = 223 20 
From clover (baali) grown with maize, and sold 

green, 100 acres at ^1*50 .. ... . ... = 15000 

From unclcaned cotton, 500 centals, at ,£3 20 . .. = 1600 00 

From wheat, 100 acres at 35 cubic feet . ,£3 500 

Less deduction for carriage of 4 per cent. ... 28 

or at a price of 133 per cubic foot 3 472 = 471 ‘20 
From beans, 50 acres at 28 cubic feet .. .1 400 

Less for carriage 14 

1386 = 168 30 
.. 29-75 
. . 5000 
. 32 00 
41-00 

Total gross income ^£2765 45 


Or .£9-22 per acre 

Total expense ,£1257-15 

Or ,£4-19 per acre. 

Total net income .£1505 30 

Or ,£5 03 per acre. 

To estimate the return on land purchased, as rent is not 
included in the foregoing account, the estimated value of the 
best land of the State Domains of Santa, El Hayatcm, and 
El Safia, in the Mudiriah of Garbiah, is assumed. This is 
fiNcd at a mean price of £30 per acre, including brokerage. 


or at a price of ,£ 0*121 per cubic foot 
From second cutting of clover on 10 acres 
Cotton stalks from 100 acres 
Straw, of all sorts, from 160 acres . 

Rent of 25 acres from the labourer 
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This amounts to 8 ^ per cent, on the capital ; and as the 
labour is more carefully done, the yield of cotton may also 
be greater, in which case there is an additional advantage to 
both landowner and labourer. 

3 . With small holdings under peasant proprietors, worked by 
themselves and their families : — 


Expenses on 300 Acres. 


£ 


As by detail in No. 2 

Closer seed for 25 acres of allotment . 


10G7-50 
9 37 


107G 87 

Less fixed salaries and gathering cotton 198 GO 

Or £2 93 per acre . .. ... 878 27 


Gross Income. 


Maize (nili) 3 500 cubic feet, at 

£ 

/ 

0 035 

1100 

Clover (baali) 1 cutting. 100 acres at 

. 150 

150 

Clover (meshawi'l 3 cuttings, 25 acres at 

. 300 

7 5 

Unclcancd cotton, 500 centals, at . 

3 20 

1 GOO 

Wheat, 3 500 cubic feet, at 

0 13G 

175 

Deans, 1 400 cubic feet, at 

0 121 

170 

Second cutting of clo\cr, for seed, 140 cubic feet 


30 

Cotton stalks, 500 hcmlalt, at 

0 10 

50 

Straw of all kinds, 320 heinlab, at 

0 10 

11 2 


Or £Q GO per acre 2 HN.! 

Expenses . . . H7M 

Or £G G7 jx.r acre net income 2001 


This represents 1-1 on the capital before estimated 
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The Qualities of the Water of the Nile . — As a potable water, 
the water of the Nile does not stand high in quality compared 
with that of other great rivers ; it is, however, ordinarily drunk 
after allowing its slime to decant, and after cooling either in 
wells or in porous vessels. When we reflect on the immense 
tract of swamp in the Ghazal region and the upper tributaries 
near Lake Noo, it seems almost surprising that it is at all fit to 
drink. As for the theory of oxidisation of organic matter 
during flow over long distances ; in this case the immense dis- 
tance and the still remaining dissolved organic matter seem to 
prove that any oxidisation can only be incomplete even under 
the most favourable circumstances. 

There is, however, a period of from twenty to thirty days, 
when the inhabitants of Egypt avoid drinking Nile water This 
period, Shat Raviat, is that of the Green Waters, and begins 
generally in June. The green colour of the river water is due 
to cellular vegetable matter, probably \ cry thin alga; from the 
Ghazal marshes. These have been studied by Dr. Schncpp. 
The reddish waters which arrive at Cairo in July, driving out 
the green waters, arc the results of the rising flood ; which, 
collected in the Abyssinian torrents and streams, arrives at 
Khartum in May, and takes two months more to pass down to 
Egypt. 

As the samples analysed by Dr. Lcthcby were probably taken 
once a month, independently of the twenty days of green 
waters, there is not any trace of them in the results of analysis. 

The remarks of Dr Lcthcby on his own results are 

1. That the dissolved matters increase gradually from 
December to June; and diminish from June to December, 
excepting in September. 

2. That the azotosc matters arc very large, compared with 
those of European rivers. 

3. The sulphates and carbonates and chlorides of lime anti 
magnesia and soda are not m excess ; thus the water is well 
suited to domestic puqrcscs. 

4. The carbonates and silicates of potash are large in amount, 
especially in June, September and October, when the soluble 
constituents have most fertilising qualities. 

As to the slime or suspended matters : 

i. The suspended matters are the chiefly fertilising ingredients 
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in Nile water; these are most abundant iu August and 
September. 

2. The potash and phosphoric acid of the slime constitute the 
manuria! value; and these are in greater proportion in the' 
samples of August and September. 

3. The high floods from August to October hence supply the 
qualities most valuable in irrigation. 

The following is the composition of Nile slime from the same 
samples of water during the same period, 1874-75. 


Lime .. 

Samples of August 
and September. 
2 ‘oG 

Samples taken later 
in the >ear. 

3’ lS 

Magnesia 

I • 1 2 

099 

Soda ... 

0-91 

0‘62 

I’o»ash 

1 82 

i‘o6 • 

Phosphoric Acid 

x-?8 

o*57 

Sitica .. 

55‘°9 

58-22 

Alumina and Oxide of Iron 

20 92 

23 SS 

Organic matter 

15 02 

1037 

Carbonic Acid, and loss 

1-28 

*'44 

IOO" 

The following results of analysis of Well 

lOO’ 

waters from the 


vajley of the Nile show large proportions of sulphates and 
carbonates of lime and magnesia, also of alkaline chlorides. 
They have very little fertilising quality, and are unsuited for 
domestic use. They hence contrast markedly with Nile water. 


Constituents of Water from Egypti\n Wells in 1874. 


Per Million Tarts. 

Brombel, 

Umfast, 

17 th June. 

Steined Well at 

Dissolved Matter. 

2Slh June. 

Shubiament, 
3rd August. 

Lime 

MS 93 

1 66-8 1 

i 83'94 

Magnesia 

28 15 

28-67 

79-u 

Soda 

87*27 

5 *‘3 2 

107-51 * 

Potassa 

3’4S 

1-99 

6*57 

Chlorine 

72-86 

8i-j6 

2S4' o 6 

Sulphuric Acid - • • 

86 73 

39-20 

5 1 '94 

Phosphoric Acid 

— 

— 

— 

Nitric Acid 

Silica, Alumina and l 

1-69 

1-87 

1 '45 

Oxide of Iron J 

17-28 

r8-or 

18-83 

Organic matter . . 

4-29 

6-14 

7*57 

Carbonic Acid and loss .. 

12361 

1 35‘4° 

138-88 

Total Solids. . 

57*’ 2 9 

53°‘57 

849-86 
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Ter Million Parts. 

Dissolved Matter 

Brombel, 
2Sth Jane. 

Urn fast, 
17th June. 

Stiened Welt at 
Shubrament, 
3rd August. 

Saline Ammonia... 

0*057 

0-043 

0-071 

Albuminoid Ammonia ... 

0071 

0-057 

0-071 

Suspended Matter. 

Mineral . . 

6-57 

1 1 -00 

3-14 

Organic . 

34-56 

87-14 

7 "43 

Total Solid* 

41-13 

98 14 

»o-57 


Analysis oi Ecytcian Tro.na, 

by Professor Dupre 

Chloride of sodium 

8 -i6 

Sulphate of soda 

2 15 

Silicate of soda 

029 

Bicarbonate of lime 

0-20 

Scsquicarbonate of soda 

47-29 

Carbonate of soda 

• 18 43 

Water 

1967 

Insoluble substances 

4 >> 
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tn Nile water; these arc most abundant in August and 
September. 

2. The potash and phosphoric acid of the slime constitute the 
manurial value; and these are in greater proportion in the' 
samples of August and September. 

3. The high floods from August to October hence supply the 
qualities most valuable in irrigation. 

The following is the composition of Nile slime from the same 
samples of water during the same period, 1S74-75. 


Lime .. 

Magnesia 

Soda 

t*o’ash 

Phosphoric Acid 
Silica . . 

Alumina and Oxide of Iron 
Organic matter 
Carbonic Acid and loss 


Samples of August Samples taton later 


and September. 
2*06 
1*12 

O’pi 

x ‘82 
178 
55 °9 
20 92 
x 5*02 
1*28 


in the ye: 
3 -x8 
099 
o 62 
i-oG ■ 

0- 57 
5 8 22 
23-55 
10-37 

1 - 44 


JOO- xoo 

The following results of analysis of Well waters from the 
vajley of the Nile show large proportions of sulphates and 
carbonates of lime and magnesia, also of alkaline chlorides. 
They have very little fertilising quality, and are unsuited for 
domestic use. They hence contrast markedly with Nile water 


Constituents of Water from Egyptian Wells in 1874. 


l’er Million Parts. 

Brombel, 

Umfast, 

17 th June. 

Stemed Well at 

Dissolvfd Matter. 

2Sth June. 

Shubrament, 

3rd August. 

Lime . • • 

145-93 

x66'8i 

183 94 

Magnesia 

28-15 

28-67 

7911 

Soda 

87-27 

51-32 

107-51 ' 

Potassa 

3‘48 

1 99 

6-57 

Chlorine 

72-86 

81 1 6 

254-06 

Sulphuric Acid . . . 

s<>73 

39-20 

51-94 

Phosphoric Acid 

— 

— 

— 

Nitric Acid . . 

Silica, Alumina and 1 

1*69 

1-87 

i-45 

Oxide of Iron J 

17*28 

1 8 - o 1 

18-83 

Organic matter . 

4-29 

6“i4 

7’57 

Carbonic Acid and loss . 

I2 3 -6t 

135-40 

138 88 

Total Solids... 

571-29 

530-57 

849-86 
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Per Million Parts. 

Dissolved Matter 

Brombel, 
2Sth Jane. 

Urn fast, 
17th June. 

Stiened Well 9 
Shubrament, 
3rd August. 

Saline Ammonia... 

°'°57 

0-043 

0*071 

Albuminoid Ammonia ... 

o 071 

0-057 

0*071 

Suspended Matter. 

Mineral .,. 

6‘S7 

11*00 

3-14 

Organic . 

34-56 

87*14 

7*43 

Total Solid* 

41-13 

98 14 

*0.57 


Analysis oi Egyptian Trona, 

by Professor Dupre 

Chloride of sodium 

S*i6 

Sulphate of soda .. 

2 15 

Silicate of soda 

029 

Bicarbonate of lime 

0*20 

Scsquicarbonate of soda 

47-29 

Carbonate of soda 

• 18 43 

Water 

19*67 

Insoluble substances 

4 11 


IOO 21 
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in Nile water; these are most abundant iu August and 
September. 

2. The potash and phosphoric acid of the slime constitute the 
manurial value ; and these are in greater proportion in the' 
samples of August and September. 

3. The high floods from August to October hence supply the 
qualities most valuable in irrigation. 

The following is the composition of Nile slime from the same 
samples of water during the same period, 1S74-75. 


Lime ... 

Samples of August 
ami September. 
2‘oG 

Samples taken later 
in the year. 

3 'i8 

Magnesia 

1*12 

0 99 

Soda ... 

O'pl 

0*62 

Fotash 

1*82 

1*06 * 

Phosphoric Acid 

178 

o-57 

Silica ... 

55 ©9 

58 22 

Alumina and Oxide of Iron 

20 92 

2 3 55 

Organic matter 

IS’02 

*0 37 

Carbonic Acid and loss 

1*28 

t 44 

IOO" IOO' 

The following results of analysis of Well waters from the 


valley of the Nile show large proportions of sulphates and 
carbonates of lime and magnesia, also of alkaline chlorides. 
They have very little fertilising quality, and are unsuited for 
domestic use. They hence contrast markedly with Nile water. 


Constituents of Water from Egyptian Wells in 1874. 


Ter Million Tarts. 

Brotnbel, 

Umfast, 

17 th June. 

Steined Well at 

2Sth June. 

Shubrament. 

Dissolved Matter. 

Lime 

*45*93 

i66‘8i 

3rd August. 

l83*94 

Magnesia 

28-15 

2867 

79-11 

Soda • • • 

87-27 

5 r 3* 

107*51 » 

Votassa 

3’48 

1*99 

6-57 

Chlorine 

72-86 

81*16 

254-06 

Sulphuric Acid •- 

86-73 

39*20 

5i’94 

Phosphoric Acid 

— 

— 

— 

Nitric Acid 

1-69 

1*87. 

i-45 

Silica, Alumina and ) 
Oxide of Iron j 

17*28 

i8-or 

18-83 

Organic matter . . 

4-29 

6-14 

7’57 

Carbonic Acid and loss. . 

123 6r 

*35*4° 

138-88 

Total Solids... 

57f29 

53°'57 

849-86 
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Per Million Parts. 

Dissolved Matter. 

Brombet, 
2Sth June. 

Umfast, 
17th June. 

Stiened Well a 
S hub raraent, 
3rd August. 

Saline Ammonia... 

0*057 

0-043 

0-071 

Albuminoid Ammonia ... 

0-071 

°'°S7 

0-071 

Suspended Matter. 

Mineral ,. 

6-57 

11-00 

3’U 

Organic 

34*5 6 

87-14 

7*43 

Total Solids 

4***3 

98-14 

IO -57 


Analysis ok Egyptian Trona, by Professor Dupre. 


Chloride of sodium . .. 8-i6 

Sulphate of soda ... .2x5 

Silicate of soda • 029 

Bicarbonate of lime •• o-ro 

Scsquicaibonate of soda 4 7 -29 

Catbonatc of soda ... 1843 

Water •• «9 6 7 

Insoluble substances 4 1 1 


100 2: 
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METEOROLOGICAL OBSERVATIONS. 


At Cairo. 

Mean 

Tempera- 
ture. Mean 

of 186S-71. 

Mean 

Pressure. 

Mean 

or 1868-ji 

Prevalent 

Wind in 

1871. 

Proportion 

Duration 

of 

Showers 

in 1871. 

Evapora- 

tion. 

Mean of 

iS;o-72. 

Tempera- 
tures ofN ile 

water at 

9 a.m. 

in 1S72. 

January . . 

Fahr. 

55 * *3 

Feet of 
Mercury. 

2-4988 

Direction. 
Ter cent. 

NE. 32 

h. m. 

0 54 

Feet. 

0‘2G9 

Fahr. 

5775 

February 

55 00 

2 4993 

NW. 24 

2 S 

0-404 

59-00 

March 

62 56 

2-4862 

W. 23 

0 6 

0-696 

66-02 

April .. . 

68 02 

2-4883 

N. 28 

5 40 

0823 

67 to 

May . . 

79 7 ° 

2 4838 

NE. 36 

0 

I-OII 

? 2-50 

June. . . 

84-18 

2-4801 

N. 51 

0 

i 'oo 8 

74-48 

J“'y 

85-78 

-2-4731 

N. 79 

0 

0-922 

78-26 

August ... 

87-97 

2-4745 

N. 99 

0 

0-788 

80 60 

September 

7851 

2-4850 

N. 99 

0 

0-597 

79-70 

October .. 

73'42 

2-4893 

N. 71 

0 

o -443 

76-10 

November 

65-32 

2-5628 

N. 58 

0 20 

0-286 

69*80 

December 

59 20 

2-5000 

N. 31 

0 

0 269 

64-30 

Means, 

Totals, and 

Extremes 


■ 70-90 

2-493 

N. 49 

fi. m. 

9 8 

7 - 5 i 6 

7052 


The observations supplied by Ismail Bey, Director. 
The Nile temperatures were observed at the surface. 
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At 

Alexandria. 

Mean 

Tempera- 

tore in 
1872. 

Highest 

Maximum 

>872. 

Lowest 

Minimum 

Tempera- 

ture in 
1872. 

Rainfall ^ 
in 

1872. 

Depth. 

Number 

of 

Rainy 

Days. 

Evapora- 

1872. 


Fahr. 

Fahr. 

Fahr. 1 

Feet. 

D-ys 

Feet 

January ... 

S7‘as 

68 90 

44'4* 

0-185 

9 

0-305 

February ... 

593O 

795 2 

46 40 

0-074 

6 

0 335 

March 

Os-jo 

89-96 

51-28 

°' , 93 

5 

0558 

April 

66-56 ' 

93*° 2 

54‘M 

1 o-oio 

1 

0G79 

May ... 

,1'Go 

wjs 

55-58 

0 

0 

0877 

June 

76-82 

109-04 

63 M 

0 

0 

1-037 

July ... 

7898 

97-88 

68 72 

! 0 

0 

'■CS7 

August 

80-24 

86-90 

7° 5 2 

0 

0 

I -oil 

September 

789S 

86 j6 

69 <58 

0 


0-804 

October . 

7S-38 

89 42 

6 1 -88 

0 

0 

0-702 

November 

69-62 

84-20 

5J-5G 

0-250 

6 

o-473 

December 

62-06 

76 10 

47-12 

0"2lS 

1 1 

0-423 

Means 







Totals, and 

Extreme. 

70-l6 

109-04 


0-930 

38 

S 231 


•Hie o’-erx a-.ioer l 7 M. Drury, C E. 

Stcnn on 6 dap. hail on 2 dap, aniat ra , daj , hmCs on I da,. 
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Areas of hie various Provinces and Territories according to Official 
Accounts 


Provinces and Territories. 

Umuh 

Ad minis 

tration. 

Sq miles. 

Name 

Adminis- 

Sq rules 

s ToUl ii 

Population in 
18S1 

Under 

British 

1 North-Western India. 
The Punjab... 

107 OIO 

IO4 958 

211 968 

23 646 620 

£0 

Rind 


— 

48 OI4 

2 4>3 S23 

ICO 

Khairpur 


6 109 

6 109 

129 153 

O 

Khelat 

— 

unkn. 

unkn. 

unknown 

0 

Rajputana 

— 

129 750 

129 750 

10 268 392 

0 





4(0 722 

100 

Kachh and Katiawar 

10 15s 

5 2 613 

62 771 

7 594 775 

3S 

Part of Tndor and Sindiah . 


7 000 



0 

Part of Bombay Pres (undiv ) 

— 

unkn 

unkn 

unknown 

100 


107893 

300 430 

4(8 323 

45 223 485 

- 

II. North-Eastern India 






North-West Provinces 

Si 748 

5 « 2 5 

86 S73 

33 465 So 3 

97 

Audh 

24213 


24213 

11387741 

(DO 


— • 



2 000 oco 

0 

Most of Indor and Sindiah... 

— 

68 229 

68 229 

8551 907 

0 

Bengal and Bahar 

*35 39 3 


>35 393 

59 3^6 673 

100 

Bengal feudatory ... 




2 84: 405 

0 





unknown 

0 

Assam 

46 341 

— 

46 341 

4 90S 27G 

1 00 

Manipur 

— 

7 5 s 4 

7 5S4 

150 oco 

0 


2S7 695 

171 572 

459 267 

122 695 805 

- 


111. Southern India. , i 1 

liartxla ... ! — 8 570 i S 570 2 tSS 005 o 

CrnlraJ Provinces I Sj 20b 29112 1 ij 3:0 11548511 86 

Orissa I 9 c 43 I — I 9 ° 4 J 3 73 ° 735 >°° 

Bombay Presidency . I 65950 — I 65950 11 1 is j is<xj 100 

Bomba) feudatory | — 1 150J1 » S 031 207505* o 

llarar 17*11 — j *77** 2672673 100 

Ilaidmlml .. — ’ Si S07 Si 807 9 S45 594 o 

Madras . HI oct 9S1S 150*19 34 »7i 5*6 9° 

Maisur and Kurg . • I 5S3 24 7*3 26 5 06 4 } f >* 406 4 

Kochi am! Travankur . — S091 S091 3001456 o 

I'rcnch and Portuguese . — — 1264 7*1636 O 


319496.17715*1 497 9 U *5 5°1 539 l 
775 <*4 649 154 I 1 415 5 °i 153 4T3S27 


ltlKUrAK PlMMl’l*. &c 
Chittagong . 

ItiUish Burma ... 1 

Burmese Kingdom . . 

Adjacent Islam!* . 

Or) Ion . . ... 

S'raiti Sctilcnien** ... ... 

I'rraV, Relangne, Ranges Vy«i{ 
Thai (8 urn) ... j 


l ?cu — I 

1 =59 - I 


1 1»$ 5S4 521 poo j C?9 5?| 


K 


RIVER BASINS {according to Maps of 1882 and 1877.) 
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1. Indus proper, above Bunji 32 550 'Metamorphic, Jurassic, Triassic, Silurian ... ... \ No 

2. The Vasin, Shigar, and Shiyok series, to Bunji 23 4^3 Metamorphic, Gneiss, Granite, Silurian, S.C / observations 

3 proper, Bunji to Attak ... 9 499 Metamorphic, Silurian, Granite, and Carboniferous Jurassic 2 o to 4-0 

4. The Kashkar and Kabul basin to Attak .. 37884 Metamorphic, Silurian, Lower Tertiary . ... ... i‘o and more 

5. Western affluents from Attak to Leiah ... 30777 (Unexplored) , Tertiary m the plains; Silurian and Granite 05 and more 





II —NORTH-EASTERN INDIA— {continued) 


14 


INDIA. 




r.ivr.R j)aui,\ 



III.— SOUTHERN INDIA- continued. 
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IV. — BURMESE PENINSULA, &c 


RIVER BASINS. 
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General Tables of Flood Discharge. 


Flood Discharges of Indian Rivers , according to various reports. 


River and Place. 

Catchment 

Area. 

Flood 

Discharge. 

Discharg 

per 

sq. mite 

Coefficient 
(v) in the 
formula. 

North-Western India. 

Sq. miles. 

C. ft. per sec 

C. ft. per 
sec. 

* 

Indus at Sakkar 

O 

0 

O 

O 




Sohan (Punjab) at JLahor-road 
bridge 

3 600 

96 000 



Markanda at Hassanpur, 1845 

I 200 

47 8 3 8 

39' 8 

2‘0 

North-Eastern India 





Jamna at Allahabad ... 

Il8 OOO 

1 333000 


2’0 

Sai at Rai Bareli bridge 

060 

16 500 



Sat at railway bridge . 

240 

12 000 



Gumti at Lakhnau bridge 

2 OOO 

22 3O6 


08 

Gumti at Saltanpur bridge . 

3600 

39000 

ro'8 

08 

Loni at railway bridge 

120 

4 600 

3 8 3 


Kalliani at Lakhnau bridge ... 

36° 

17 7SS 


2‘r 

Sohan (Bengal) at causeway ... 

34 000 

I 700 OOO 



Ganges at Rajmahal 

286 000 

I 350 OOO 

47 

r'r 

Southern India. 
Combined Mahanaddi and Kat- 
juri in flood of 1834 .. 

67 000 

r 850 000 

27 '6 


Morna (Berar) at railway bridge 

211 

122 715 

.581* 

20'0 

Nalganga at railway bridge ... 

213 


722’ 

24 - o 

Godavari at Rajamandri 

120 OOO 




Kistna at Bezwara 

no 000 

T lS8 OOO 



Tumbaddra at Karnul 

20000 

270 OOO 



Kavari at Frazerpett ... 

4i5 

III OOO 



Kavari at Seringham ... 

28 000 

472 500 

r6‘0 

2*0 

Penner at Nellur 

zo 000 


rS'f 

2'0 

Palar at Arkat 


270 000 



Tambrapurni at Falamkatta ... 

S 8 7 

r8g 000 



Chittar at Alligyapandrapuram 

486 

29 700 

608 


Vigay at Madura 

I 600 




ManjiLmthi at Balagunta 


10 800 



Gadanamathi 





Vaihazanamathi at Periakolam 





Irriti (Malabar) 

336 

149 850 

446 0 

t9*o 


* See tables in Hydraulic Manual. 



Flood Discharges of Indian Rivers on the East Indian Railway, by S. Power, Esq., C.E. 
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Kurriamnassa 

Sohan 

Punpun and Hallshar a alleys 

Kinal River 

Hill streams west of Jamalpur 
Do. Jamalpur to Sahibganj 
Do. Sahibganj to Tinpahar 
Do. Tinpahar to Baluva... 

Gumani River 

Hill streams between Gumani 

and Mulhrpur 

Adjai and Mor valleys 

K.hanu to Haurah 



Details op the Breadths, &c, of various Large Rivers at their Entrances ( from Heywood). 
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Lateral Curves of Rivers of fixeo recjmj n. (Fercusson.) 
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Brief Accounts of Indian Rivers. 

North-Western India. 

The Indus Delta . — The first useful survey of this delta was 
made by Lieut. Carlcss, IN., in 1837. 

The Delta commences below Tatta, at about 50 miles from 
the sea. The Sctta, or Eastern arm, is the main channel, dis- 
charging fresh water in the dry season ; it throws off the Titiah 
at 35 miles from the sea ; and nearer the sea divides itself into 
the Hajamn, the Kednvari, and the Wanyani channels, mouths, 
or creeks, all of which give a small dry season discharge, the 
Kukiwari being the grand discharging mouth. The wet weather 
channels, carrying off inundation water to the sea, are — 1, 
the Fuleh, branching off from the Indus above Haidarabad, 
and discharging at the Kori mouth ; 2, the Finyari, branching 
about half-way between Haidarabad and Tatta, and discharging 
at the Seer mouth , 3, the Baggaur, from the Delta head, and 
forming a large western channel, from which the Phitti, Pintiani, 
Juah, and Ricliel mouths branch, 4, the w et weather channels, 
branching from the Setta, named the Kukiwari, Kahcr, and Mai. 

But the changes of course of the deltaic channels are frequent, 
very rapid, and sudden . practised pilots are liable to error from 
the want of visible objects on this dreary waste. The tides are 
ii regular, the tidal rise is only four feet in some places, and ten 
feet in others, and the shore current setting E.S.E , is feeble. 
The coast navigation is carried on from October to March, 
soundings are trusted everywhere as the coast shelves 
gradually. In Fcbruaiy there are occasional gales from the 
wxst and a heavy sea ; but the Indus is considered closed for 
the season by the middle of March 

The Hajamn mouth has a navigable channel I Soo feet wide; 
the Kednvari entrance is a little wider . the Kukiwari has a much- 
divided, intricate mouth, a mile wide, the principal channel being 
1 500 feet wide. The average width of the Sctta, up to the 
Titiah, is about 2 100 feet, its current 2^ miles per hour as an 
average, in a few places 3J. Between the Titiah and Tatta 
there are shallows and intricate na\igation ; the average current 
is 3J miles per hour, in some places 5. At Tatta, the banks arc 
miles apart, the Waterway occupying only a third of this 
space , above it intricate navigation recommences, and a con- 
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tinuous channel tip to Haidarabad gives only 5 or 6 feet of 
water, the greatest depth in this section being 8J feet. 

As to the periodical rise of the Indus ns first observed by 
Lieut Wood, at Haidarabad it is 15 feet; just below Tntta 
the swell overtops the banks ; at the confluence of the Ilnjntnri, 
22 miles from the sea, the ri«c is 1 3 feet ; and ns the banks arc 
II feet high the land 7 $ inundated. At Vikkurthc rise is only 
6 feet above high-water mark of the ocean tides; and on the 
coast-flats it is only 2 feet. During the swell the high tide 
causes a heavy bore at most of the mouths, but it soon loses 
force, as it ascends for only seven miles In the Delta the inun- 
dation water is retained by dykes 0 feet high along the banks, 
and small banks arc thrown up round ullages 1 he silt, deter- 
mined at from 3 to 4 cubic inches in a cubic foot of inundation 
water, contains fine clay, carbonate of lime, micaceous sand, 
common salt, carbonate of soda, and nitre. The soluble consti- 
tuents in the water arc common salt, carbonate of soda, and 
nitrate of potash. The water is not \cry pleasant for drinking, 
and the natives consider it umvholesomc. There arc exceptional 
floods of great force at long intervals, which alter the channels 
very much ; also serious earthquakes and upheavals that have 
affected the Kori mouth very greatly 

The Indus Vat ley . — Lieut John Wood, I.N, first surveyed the 
Sind or Indus River throughout up to Attock in 1S38. 

The following table gives the number of days occupied in 
transit by country boat on the navigable stages of the river, 
upwards as far as Kalabagh, downwards from Attak: this latter 
place is 942 miles from the sea by river, or G48 miles in a 
straight line. 


Stages. 

Upwards [ 

Downs* anls. 

Dry season 

Ireshcs 1 

Dry season 

Freshes 

Seaport to Haidarabad 

*5 1 

7 1 

A 

2 

Haidarabad to Schv-an 

8 

4 1 

3 

2 

Sehvvan to Kori 

>4 

7 | 

7 


Kori to Mittan 

'4 

6J 

6 


Mittan to Dera Ghazi Khan . 

10 




D. Ghazi to D. Ismail Khan. 

>9 

IO 

IO 


D. Ismail Khan to Kalabagh 

13 

. 7 

7 

2 

Kalabagh to Attak ... 

107 

(tmpraef.) 

1 1 

*l_ 

41 

1 20 


The river above Attak, the confluence of the Kabul river, up to 
its sources near Gangri or Kailas Parbat in Thibet, is little known. 
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Steamers were employed on the Lower Indus at an early date, 
about 1835 ; steamers, drawing flats, arrived as high as Dcra 
Ismail Khan in 1862. 

The freshes commence in March ; sometimes at the end of 
April. High flood is most frequent in August, and the lower 
stage commences at the end of October. The current in the 
dry season varies from 2 \ to 3$ miles an hour ; in the freshes 
from to 7, arriving sometimes at a maximum of 8J miles an 
hour ; in the Kalabagh gorges it exceeds 10 in freshes. The 
ground currents are very little less than the surface currents. 

The fall per mile from Attak to Kalabagh is 17 feet; from 
Kalabagh to Mittan 07 feet, and from Mittan to the sea 05 feet. 
The width of the water surface in the dry season averages 2000 
feet, or varies from I 500 to 5 000 feet. The greatest soundings in 
dry seasons vary from 9 to 1 5 feet, in freshes 24 feet ; but an 
exceptional sounding in the Kalabagh gorge gave 1 86 feet. The 
lowest ordinary soundings as fair averages for a continuous 


course arc thus : — 

Feet. 

In the Delta, m December and January 6 

Up to Sehwan, m January and February 6 and 43 

Up to Bakkar, in February and March 4$ . 

Up to Mittan, in April .. 3 

Up to Kalabagh, in May, June and July 3 


But there are numerous shallows in some parts 'precluding at 
some seasons a draught of more than 2 feet, even with the aid 
of experienced pilots. 

The maximum rate of discharge is estimated at 446 080 cubic 
feet per second in August, and at 40857 in December ; the total 
annual discharge at 5 383 600 934 400 cubic feet. 

Some of the values thus given by Lieut. Wood arc quoted 
from the Memoir of the expedition of Captain A. Burnes, and 
were observed by Captain Sir Keith Jackson and others at a 
time when such observations were of a rough, incomplete nature. 

The later information about discharges is as given following 
The source of the Indus having been determined approximately 
by the explorations of Pandit Nain Singh, its total length is 
about 1 Soo miles. 

At Attak, certain recorded velocities were as follows : — 

In hot seasons, opposite the fort, velocity 13 miles an hour; at 
tunnel site, in cold season, 5 to 7 miles an hour — in hot season, 
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13 to 14 miles an hour; surface velocity at centre, Dee., 1869, 
9 miles an hour. 

The rise of ordinary floods is from $ to 7 feet in 24 hours only, 
and is 50 feet above cold weather level. The flood of 1841 was 
92 feet abo%'c cold weather level, and that of 1858, So feet. 

The fall of the Indus near Bakkar is 075 feet per mile. 


Discharges — At Kalabagh. 

Cubic feel 


In December, 1S71 ... 21 220 1 January, 1S73 

January, 1S72 ... 18 657 January, 1873 

December, 1872 ... 21 87S | 

At Deni Ghazi Khan. 

January, 1873 18 657 

Average gauge readings monthly — At Dera-Ghazl-Khan. 


Cubic Teel 
per second. 

20 7SX 
20 541 


April, 1872 . . 6 27 

May, 1872 .. 7 32 

June, 1872 ... 9‘28 
July, 1S72 . . 981 

Cub ft 


August, 1872 
Sept. 1S72 
October, 1872 
November, 1872 3 98 

The River Kuram, 


Dec. 1872 
6 19 | Jan 1873 . 

4-83 j Feb. 1873 ... 
March, 1873 


In Jan., 1S73 .. 545 (included with the Indus discharges). 


3 ’ 4 <> 
3 55 
3=3 
3 5 « 


Barra River , at the Labor and Peshaw ar-road bridge, 7 miles 
w'est of Peshawar, the waterway allowed is 1S0 lineal feet. In 
the flood of July, 1SG1, the flood rose 18 feet in 5 minutes, and 
had a surface velocity of I Si feet per second The soil of the 
bed consists, first, of 18 feet of silt and loose sand, then 8 feet of 
firm sand resting on clay. 


Sehan River, Punjab, at Labor and Pesha war-road, cast of the 
Indus, has a catchment area of 573 square miles ; maximum flood 
depth, 1 5 fget ; mean velocity, 8 to 9 feet per second ; slope of bed, 
14 feet per mile; calculated mean ^locity, 13 feet per second, flood 
discharge, calculated from sections 91 000 cubic feet per second 
= i incho\cr the catchment basin ; the perennial stream is never 
less than I foot deep. Bed at surface, boulders — at 11 feet 
conglomerate blocks ; at 16 feet, a hard, dry foundation ; width 
of river at site 1 000 feet, but a little above only 750 ; clear water- 
way of bridge, 945 lineal feet A second Sohan above it, is also 
called the Tutar or Tutalnds 


The Jhelaut , — Mr Forster reported on the navigable condition 
of this river In February', 1SG1. He states that after passing the 
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town of Jhelam, it flows S. 6o° W. for 50 miles to Pind Dadun 
Khan and 45 more to Kushab ; aftenvards in a course S. 9° W. for 
70 miles to its junction with the Chenab, near Trimmo Ferry ; 
but the whole distance is increased by windings to 200 miles. 
The breadth of the stream is generally 750 to 900 feet, but 
varies from 120 to 2 106: the navigable channel from 75 to 240 
feet wide, but sometimes extends from bank to bank. The 
general depth is 5 to 7 feet, at extremes 1-5 foot and 22 feet. 
The current a\eragcs ij miles an hour, seldom exceeds 2, but 
after rain may be 4 miles an hour for a day or two. The banks 
are S to 10 feet high ; below Kushab they arc 20 to 25 feet. 
There are few snags above Kushab, but more below it. There 
are no rocks or stones except near Jalal pur at the foot of the 
Salt range and at Jhelam. The shallows, shoals, and intricacies 
arc the obstructions to navigating vessels of more than t'g foot 
draught during the low water season. A pilot for every 25 miles 
is necessary. 

The unfavourable parts of the course arc, at 4 miles below 
Jhelam, for mile ; and from MaUkpur to Jalal pur for 4 miles. 

At five miles below Jalalpur, at Pind Dadun Khan, and at 
Bhcra, there are shoals, shallows, and difficulties from the tortuous 
course between Bhcra and Kushab. 

From Kushab to Trimmo, a depth of 2 feet can be generally 
depended on ; but in this part there are two bad places, at Bakki 
and Shahkikot. 

The Chenab. — Mr. Forster reported on the navigability of the 
river in 1861. From Trimmo Ferry to Multan So miles, the river 
is navigable all the year to a draught of 2-5 feet. The current 
averages 2s miles an hour, but sometimes more The worst part 
is at Kangpur, about 12 miles above Multan. 

The Ravi, the Satlaj, and the Bias . — The following are recorded 
discharges of these rivers : — 

The River Satlaj. KaAa ^ 1 , n l The River Bias. 

Date. Place. e.ft.p.,*c.| Dale. Place. c. It. p. see. 

21 Jan. 1856 f Proposed site for 12 781 1 19 April, 1S72 At Naushebra 7498 

12 f eb. 1S57 ■*’ ■ ' * rr ' ~ „ „ 8797 

26 Jan. 1859 1 „ „ 4901 

20 Dec. 1859 • „ „ 5117 

21 Jan. l$6l • 1 ■ . At Palhowal 3464 

N.B . — Perhaps these are in excess. f 
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The Ri'er Ravi 

Ri*<har£«» in 

Date. Place. c. ft p see. Date Place. 

,> <Shihdera, Lahor, 04) 19 Jan. 1S73 Ilhitiah 

19 Dec. 1871 '} ?°3 igjkp.iliSji S.Jhuri 

,c„ fAlnah, below escape! 21 Sept 1872 „ .. 

19 D«. 1S72 ( u; „ te j 879 „ Dec. uj, „ . 

19 Dec. 1872 Bhitiah . 509 20 Jan. 1873 ,, 

19 Jan. 1873 Shahdeta ' ... 687 19 Mar 1873 „ 

19 Jan. 1873 Alpah ... . ... 478 
River Markanda (affluent of the Ghaggar ) — Observations by 
C. J. Campbell, 'Esq , C.E., at Hassanpur, in 1859. 

The bridge site, where the banks are well defined, is about 
three miles below Hassanpur. 


7689 

* 345 ? 


2296 

3579 


Width of channel 
Sectional area 
Hydraulic slope ... 

Mean velocity 

Discharge 

Flood of 1845 

Flood depth 

Ordinaryflood depth 
Waterway of bridge 
Height of roadway 
The soil of the bed is 

Nortii-E. 


1 577 feet 
6 938 square feet 

272 feet per mile. 

5 - »S feet per second 
35 370 cubic feet per second. 

47 838 cubic feet per second 
10 feet. 

0 to 9 feet. 

1 073 lineal feet. 

24 feet above bed 
Sand and silt for 40 feet in depth. 
tern India. 


The Jamna . — The course between Delhi and Agra, about 300 
miles, was surveyed by Mr. E Battic, in October, 1855, to July, 
1856. He states that there are shoals at every mile For boats 
drawing more than 2 feet of water it is not navigable, as the 
passages are intricate and change constantly. There arc sand 
shoals, kankar shoals, and block kankar. 

At the Sirsawa bridge of the Delhi Railway, 37 miles S.E. of 
Amballa, the waterway allowed is 2376 lineal feet At this place 
the Jamna is constant for six months, from April to September, 
being snow-fed: it rises in March, and falls in October. At the site 
the soil is gravel and coarse sharp sand ; above the bridge site it 
consists of large 14 lb. boulders Its flood velocity is 8 miles an 
hour, scouring the bed, carrying along the boulders and depositing 
them 30 feet below the ordinary bed of the river. In 1867, the 
river rose in flood to 2 feet above its banks; in 1868, to 377 feet. 

The floods of the Jamna at Allahabad were recorded by Mr 
Sibley, C.E., from 1861 to 1S65, observations being taken daily 
at 6 AM and 6 r.M The extreme variation of ordinary level 
within the five years’ observations was 2 feet; the extreme 
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variation of lowest level was generally also 2 feet. The lowest 
water occurred between the 19th and 28th April, when the rise 
from snow melting begins The great rise due to the periodic rains 
generally begins on the 19th or 20th June. The highest flood 
generally occurred between 22nd and 26th of August ; the highest 
flood recorded was in 1832, a little higher than that of 1861. 

Flood-gaugings of the Jamna. 

Feet 

In 1861 R. L. high flood 161*6, 8 days over 155, and 4 days over 160. 

1862 R. L ~ i44'5 lowest recorded flood. 

1863 R L. • 155- 

1864 R. L. ... 152 5 

The floods of 1861 were exceptionally long in duration. The 
loucst recorded flood was 3° feet above low water level, the 
average 40, and the maximum 50 feet ; the maximum velocity 
was 12 feet persccond, and for 12 days remained more than 10 feet 
per second. At the period of greatest discharge the mean surface 
velocity was IO feet per second, and the mean sectional velocity 
9 feet per second ; the sectional area at that level being 145000 
square feet, the discharge per second was 1 } million cubic feet. 

The fall of the Jamna at Agra is 1*25 feet per mile. 

This river supplies the Eastern Jamna canal with about 1 065 
cubic feet per second, the Western Jamna canal with about 2 500, 
and the Agra canal with 800 cubic feet per second. 



Discharges of the River Jamna. 

Cube 

Date 

Place. 

6 June 1872 

Mandawala 

1*388 

6 June 1872 

Bud 

5 126 

29 July 1872 

Chaogaon 

144 890 

19 Dec, 1872 

Railway bridge 

2 128 

19 Dec. 1872 

West Ghat 

2 037 

15 Jan. 1873 

Railway bridge 

* 554 

?o Jan. 1873 

West Ghat 

934 


The Sohan River, in Bahar, is 425 miles long, rising near 
Ammar Kantak in Central India, the first 325 miles of its course 
arc in rocky country ; it emerges from the Kaimor hills at 
Rhotas, 100 miles from its confluence with the Ganges at Patna ; 
the last 100 miles being in the plains. The river is three miles 
broad at Telothu ; and generally in the plains is two miles in 
breadth ; for eight months in the year the stream is a quarter of 
a mile broad. The extreme flood discharge is said to represent 
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-3 inches of rainfall over the whole catchment area i-1 ; t I 
(the heavy Roods never exceeding four da)*); in tl.U 
the water is thrown over the country' below Mjh,.,,, (I , 
lowest discharge in dry seasons is 4 000 cubic feel pet \ 
During the rainless year referred to in the table of 
the rata from June to October inclusive was at Shahabv! -v j 
inches; at Dahar, 1S9 ; and at Patna, 1961 it •„ g cncrj |'.., j. 
inches at each place; though m the year following tint rain!--., 
year the fall at Patna was SO inches. 

At Dehri, a town 6; miles above Patna, arc the hcadwr.il 1 , ( 
the Sohan canals, and the causeway of the Grand Trunk „a,l. 
The channel of the river here varies from 2 to 2| miles in breadth 
and has a fall of from 175 to 3 feet per mile, and its Rood riie 
or difference between summer and high-flood level, it from t 4 1„ 
-o feet ; its discharge varies from 4 000 to one million cubic feet 
per second. The bed is composed of shingly sand to a great 

d t'is unfortunate that the diagrams of discharge of tig, 
'river, as well as those or the Ganges, the Kodra, the Kura 
I’unpun, Durganti, Chandarprobah, Kuramnassa, Morhar, an<i 
Sura, prepared by the engineers of the Sohan canals i n ,8,, 
* c/af nv.ii1.iblc m England. 4 


and a ’i8;3, P ave not yet available in England. 

Discharges of the River Sohan, Bengal. 


S Jan. 1855 
1 Feb 1855 
1 Mar 1855 
Ordinary minimum 
Extreme drought 


At causeway and headwoiks of canal. 


£«Uc 

MOo 1 *' 

5 750 
4 

I! OJq 

4 000 
*)6o 


The Gozra — This riser was surveyed in March to May, ,8;. 
Gaskoin from Faizabad in Oudh to its junction with tho 
Ranges at Chaprah The average depth or water was 8 or 9 
fee,” but in many places 20 feet, in some 30 foot j nowhere I ess 


' S ''''uv-bmad’butta three short reaches it is onlyyo feet wnlc. 
"Hm ’navigation' is reported good up .0 Bairam Ghat, 30 «*. 


above Faizabad. 
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The Gauges. — Length i 514 miles. The older discharges of 
this river, given in the tables of Beardmorc’s work, were taken 
under the following conditions : — 

1st. The quantities at Banares were taken from a section by 
Prinsep, on the 25th April, 1829, after a long interval without 
rain : the area of the section was 48 650 square feet, the width 
1 400, the mean depth 34*75 feet, the mean velocity o’39 feet per 
second ; the maximum discharge at the same place was com- 
puted when the river was 3000 feet wide, and had an average 
depth of 58 feet, and sectional area 175000 square feet, the 
mean velocity being about 7 33 feet per second. 

2nd. The gauging at Kot, near B alii ah, was taken by Lieu- 
tenant Garforth, in the first week of May, 1850, when the river 
was at its lowest ; the sectional area was 5 876 square feet, width 
at water level I 1 25 feet, mean velocity 2 35 feet per second ; the 
maximum velocity in mid-channcl was 3 30 feet per second, 
which greatly exceeded that in other places where the river was 
deeper ; the maximum depth in this section was 9VJ.2 feet in a 
narrow place only 120 feet wide, the remainder of the section 
varying from 4 to 6 feet in depth. 

3rd. The gauging at Sikrigali was taken on the 9th March, 
1829. At this place, 30 miles above the Delta, the Ganges has 
received the Gogra, the Gandak, Kusi, Sohan, and other rivers, 
whose united volume is frequently more than that of the Ganges 
proper, Jamna, and other affluents which form the river at 
Banares. The data for gauging were as follows : breadth about 
5000 feet, depth 3 to 5 feet, sectional area 15000 square feet, 
mean velocity about 1^43 feet per second ; in extreme freshes the 
breadth is about 10000 feet, mean depth 28 feet, sectional area 
280000 square feet, the mean velocity being about 7*33, and the 
maximum io'oo feet per second. 

The three sets of deduced discharges were thus : — 


Ganges 
At Uanares . . 
At Kot 


Catchment. 

Sq, miles. C ft.p. 6. 
180 OOO 250000 
192 OOO — 


Mat IMio. Discharge Discharge 
Discharge pet per „<? 

<5'1 Mile. Square Mile. olr 
C. ft. per sec. C. ft p s. C.ft p s. Feet. 

I 28S OOO <*38 7 IS *‘57 

(min.) 13 800 — (min.) ‘oji — 


At SiJcriRili .. 330 000 500000 1800000 1,51 5'45 171 


The Ganges seems to have preserved its general course for 
ages down to Suti, 34 miles below Rajmahal, where, at some 
period within the range of tradition, some alteration in the banks 
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caused it to be diverted from its former western course, now 
known as the Bhagiratti as far as Naddia, and below it as the 
Hughli-(not an indigenous name) to its present eastern course 
by Rampur-Bauliah and Jcllinghi, which joins that of the Brah- 
maputra to form the Mcgna estuary. 

The fall of the Ganges at Sukertal is 1*5 feet per mile ; from 
Gurmaktcsar to 60 miles south of it it is 1*25 feet per mile, and 
from Khanpur to Allahabad it is 075 foot per mile. The fall of 
the Bhagiratti, between Rajmahal and Mirzapur, in 190 miles is 
0*281 foot per mile. Details of the curves of the Ganges arc given 
in Fergusson’s table on page 251 

There is a lamentable want of available accurate modern 
information as to the physical conditions and discharges of the 
lower part of the main river. 

The Hughh is formed by three offshoots from the Ganges, the 
Bhagiratti, the Jelhnghi, and the Matabangah ; and by many 
independent rivers that fall into the Bhagiratti, named the Banslo, 
Brahmiri, More, Ajai, and some smaller; at 40 miles below 
Calcutta the Damuda joins it ; at 48 the Rupnarain ; at 72 the 
Haldi ; at 92 the Rasalpur, near to the mouth. There is only one 
offshoot, Channel Creek, branching at 30 miles from the sea 
Tidal influence extends in the dry season to Naddia, 170 miles 
from the sea, or 70 above Calcutta The Ganges has an a\cragc 
flood discharge of I 355000 cubic feet per second, maintaining 
a high-water level from the middle of June to the middle of 
October In its dry weather state it discharges 80 000 cubic feet 
per second, the water being then 26 feet below* the banks, or 20 
feet below* high flood. The beds of the offshoots from the Ganges 
are generally above the low-water level of the Ganges itself, hence 
they do not receive any water from it in dry weather. The aggre- 
gate discharge by the three offshoots is thus m cubic feet per 
second : in June, 50 000 ; in July, 150000 , in August, 200000 ; in 
September, 150000 ; in October, 100 000 ; in November, 20000. 

As to the tributaries, their supply from October to May is very 
small, men nothing; but during the rainy season their average 
united supply is 70 000 cubic feet per second. Their high floods 
occur about once a month in the rainy season, and last three or 
four days ; in such a state their aggregate supply to the Hughli 
is about 700 000 cubic feet per second. The tributaries below 
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Calcutta supply during high flood — Damuda, iooooo ; Rupnarain, 
600 000 ; Haldi, 100 000 cubic feet per second. And their floods 
are like those of the upper tributaries. Their ordinary rainy 
season supply is about a quarter of that in high flood j their dry 
season supply is trivially small. 

There is also a dry weather supply of fresh, clean water oozing 
from the porous banks of all the channels. This was measured 
at 20 OOO cubic feet per second at a point 30 miles above Calcutta 
and is the dry weather supply of the Hughli. Its rainy season 
supply from June to September varies from 300 000 to 500000 
cubic feet per second at Calcutta to 40 miles below it, where it 
is, perhaps, doubled. The average velocity is 4 miles an hour, 
the highest 7 miles an hour. The amount of silt in floods at 
Calcutta is ytte of the water, or about 108 000 OOO cubic feet 
yearly. At Saugor Island this annual total is nearly doubled. 

The following table shows the tidal height during the height 
of the rains, and during high tides of the dry season, which arc 
unaffected by rain : — 

Average tidal levels, in feet above zero of gauge 

July to October. 1 November to June. 

Wet Season. 1 Dry Season. 

Spring. | Neap | Spring j Neap. 



11. \v. 

L. W.II, W 

LW. 

H. W. L. W 

H. W. 

L. \V. 

Saugor Island 

.8' 

15 ”*S 

65 

*7’S 

i* 

ir 

6- 

Mud Point . . 

20-5 

2‘5 14* 

r 

19- 

1 * 

12* 

6- 

Diamond Harbour 

20- 

3’ *4*25 

7-25 

18- 

1* 

n’5 

5* 

Fultah 

20* 

4' 14*25 

7*5 

*7*5 

1-25 

TI* 

5* 

Calcutta 

20-5 

5' i4‘5 

8- 

*7* 

>*5 

I0‘ 

4*5 

The capacities 

of the rivers a 

tida 

reservoirs 

in holding 


spring tides are thus estimated : — 

Cubic feet. 

The Damuda for 30 miles of length . .. 1 647 millions 

The Rupnarain for 50 miles „ ... ... 5051 „ 

The Hughli above Calcutta ... 5 943 „ 

As to current : during the rainy season the flood-tide affects 
it very little, sometimes not enough to swing moored ships, 
although the tidal level may be nearly at full. During the dry 
season the fresh water supply hardly affects the tidal action, 
which gives a full tidal volume of about 400000 cubic feet per 
second at Calcutta ; the flood lasting five hours, the ebb seven 




hours. Dividing the dry season into two parts ; while the NE 
wind blows from November to February, the spring tides run 
3 to 3^ knots per hour, the neaps to 2 ; while the S.E. wind 
blows from March to July, the spring tides run 4 to 6 knots an hour. 

As to the navigation below Calcutta : the estuary from the sea 
up to Saugor Island is in a condition about corresponding to 
that in 1836. Between Saugor Island and Mud Point the courses 
have altered, and are continually changing The river has become 
very much worse from Mud Point to Kalpi, but from Kalpi to 
Calcutta it is very little changed. Some attempts were made to 
scrape and harrow away some shoals in 1863 In 1S64 Mr 
Leonard, C.E , proposed some works for improving the channel 
Mr. Obbard, River Surveyor, compiled the history of the various 
channels and shoals from 1745, and supported the proposal to 
dtvert the Damuda into the Rupnarain. Apart from the above 
information, compiled from Mr. Leonard's report, there is no 
doubt that the river is seriously deteriorating, and that the tidal 
action and principles are very imperfectly understood by the 
officials dealing with the matter. 

The Damuda — This tributary rises in the Sonthal Hills, the 
upper portion of its basin being comparatively unknown ; it 
becomes a single and defined channel at about 23 miles above 
Raniganj, and passing through the coalfields of that tract, enters 
the yellow clay of the delta near Burdwan, 52 miles below Rani- 
ganj, whence it continues to Sehmabad At Selimabad, id miles 
below Burdwan, is an old branch of the Damuda, which Hows 
into the Hughli above the town of that name ; but the present 
course is by Ompta to the Hughli, opposite Fulta, a length of 60 
miles. This river is interesting on account of its floods fre- 
quently inundating the country; remedial measures, the im- 
provement of its embankments and the damming up of the old 
branch, were unsuccessfully attempted in 1857 by various military 
engineers. There is a large amount of Governmental correspon- 
dence, on this subject, but no\aluablc hydraulic data; in fact, 
the velocity tables of the Hoods give as a maximum 77 feet per 
second, or 5 miles an hour, or less than a half what it must be. 
In 1872-73 some hydraulic observations were made by the civil 
engineers employed on the Orissa canals, but the records arc not 
yet available 
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The Darnuda, with a catchment basin of 7 000 square miles, has 
a flood discharge representing 0-125 inch per hour of rainfall. 

The Brahmaputra . — Major Rennell traced this river in 1765 
to 400 miles above its conflux with the Ganges, in lat. 26°, 
long. 91 0 ; finding it larger than the Ganges, and approach- 
ing withm 120 miles of the Sanpu river. Chevalier found it 
navigable for 600 miles. 

During the course of 400 miles, from its entry into the plains 
m E long 9 6“ to Goalpara, where it turns southward, the 
Brahmaputra has three large branches, the Bramakund, the 
united Dihong-Dibong, and the Subansiri. The* Bramakund, 
explored by Griffith in October, 1836, was 150 feet wide, the 
bed was 300 feet wide, and the flood-rise, by marks, was 8 
feet. The exploration of Captain Bedford’s party in 1825-26 
showed that the Dibong was also a small stream knee deep, and 
only 90 feet wide, on 14th December, 1825 The Dihong, in 
lat. 28° 5', was 600 feet wide, calm, with a slow current; but 
in flood probably 900 or 1 200 feet wide, and of immense depth ; 
the discharge at this place was about equal to that at its con- 
fluence, 50000 cubic feet per second, according to Wilcox. The 
Dihong is reported to be formed of two large branches, one 
from the East, the other from the West. Wilcox examined the 
Subansiri (or Kamla), on the 28th November, 1825 or 1826; at 
its confluence its discharge was 16000 cubic' feet per • second ; 
he compared it to the Ganges at Allahabad in December. 

In 1869, Cooper ascended the Dihong for a few miles in the 
plains, when at high flood (in September or October ?), it had a 
deep, swift current, and was a quarter of a mile wide at its 
narrowest part. 

Abbe Desgodms believed that the fall at Bramakund is that of 
the Maghang Sanpu (also called the Nari Chu Sanpu), into the 
Brahmaputra (“ Annals of the Thibetan Missions,” March, 1877). 

It must be noticed that there are several Sanpu rivers in 
Thibet, and that the word may be a generic term, as it is applied 
to the Chachu, the Charta, and the Raka, tributary affluents of 
the Maghang. The Sikung Sanpu is the Kamlapani, a stream 
independent of all the former. There are probably also several 
other Sanpu valleys to the north-east of the Sikung. 

In 1878, Harman surveyed I 500 square miles of country 
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on these upper tributaries, and measured the following 
discharges : — 




Width. 

Area 

Discharge 



F*f ft 

Square 

Cubic feet 





per sec. 

Subansiu at Pathah- 
paan 

| 25-28 Feb. ) 
l at low water / 

1 077 

9 637 

I<>945 

United Dihong and 

,/ 24-27 March, 1 




Dibong, r mile 

2 =95 

25 10S 

noon 

below confluence 

| at a rise of 3 ft. j 



Dibong alone, at x 
mile above the 
confluence 

/ 27 March, ) 

) at a rise of 5 ft. J 

948 

ro 992 

47 383 

Brahmaputra, 9 miles 

( 2 -6 Apr. ^ 

2 9Sr 

16 39< 5 

66 251 

above Sudiya 

l at a rise of 3 ft. j 

Brahmaputra at 3 

j 4-1 S March, ) 
| at low water, j 




miles above Di 

brugurh 

1 9°S 

24 477 

116 115 


The Dihong has lately been traced to 94* 52' 8" long.; 28* 30 
lat. ; elevation 7-000 feet An explorer, N-m-g, under the instruc- 
tions of Harman, followed the Maghang Sanpu river down to 
GyaU Sindong, about 94° 12' S" long and 29° 43' lat. ; elevation 
8 000 feet. 

On November 30th, 1874, Nain Singh had followed the 
Maghang Sanpu to Chitang ; he described it as very sluggish, in 
a bed 1 500 feet wide, and 20 feet deep at the utmost ; its valley 
being several miles wide. Its discharge was hence about 30 000 
cubic feet per second. 

Probably some riser from one of the neighbouring Sanpu valleys 
supplies the Dihong branch of the Brahmaputra, but the com- 
municating stream is not determined with certainty. 

At Goalpara the Brahmaputra is 4 500 feet wide, and of 
rapid current. Its depth is variable Its lower tributaries are the 
Suma, Barak Gumti, the Tista, and the Megna river. Its banks 
arc marsh and jungle, subject to inundation from' March to 
September on large reaches Its course is tortuous. After 
joining the Ganges, the estuary formed is 20 miles wide, termed 
the Megna estuary. Its down tide runs at 10 miles an hour in* 
some places. 
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Southern India. 

The Subanrikah — ' The survey of this river was effected by 
Messrs. Fcnnesy and Brine before May, 1861, when large pro* 
tective dykes were commenced. The neaps, sections, and 
descriptive accounts apparently have not been reproduced and 
printed, or do not accompany the official correspondence about 
the Hijalli dykes 


The Mahanaddi, ' length 490 miles , and its Tributaries . — The 


following are reduced levels of the flood and low water sections 
of the Mahanaddi for last 200 miles. 


Sonpur . . 

Barmul Pass entrance .. 

Do. exit 
Kantilu . . . 

Baidessur 
Chirchika 
Naraj 

Kattak. ... 

Mouth of Katjuri, Jaipur 
Mouth of Mahanaddi . 
Mean Sea Level 


0 

3t>5‘5 

335*5 

60 

2 45 '5 

*75*5 

72 

2*5*5 

*75*5 

94 

* 65*5 

*35*5 

107 

*4°’5 

iio *5 

”5 

* 2 9 5 

87*5 

*35 

92-5 

65 5 

*44 

77*5 

55 5 

172 

37*5 • 

*5*5 

200 

5-5 • 

0 


The Mahanaddi is navigable from Dcvighat near Sheonarain, 
a point where the river Shconath joins it, to a point near 
Padampur, a distance of 60 miles. From Padampur, by Sam- 
bhalpur to Binka, above Sonpur, the river is unnavigable on 
account of rocks. From Binka to Kattak, 150 miles, most of the 
channel is naVigablc permanently throughout the year, the rest 
being navigable for less than half the year. From Kattak to the 
mouth the distance is about Co miles ; thus about 270 miles out 
of 450 arc more or less navigable. 


The Tributaries of the Mahanaddi. 


Torrents 

Near 
village of 

Distance 

Kattak. 

Width 

or 

Mouth 

Nature Nature or 

ot bed stream. 

Kaligiri .. 

.. Baidessur 

Miles 

37 \ 

Fett 

200 

Alluviil. 

Komi . 

. Kantilu 

48} 

320 

Rocky above. 

Burtung. 

. Bentpara 

64 J 

300 

Sandy and 

Salki . 

. Above Boad 

I 20 j 

4<>5 

rocky. 

Ditto. Perennial. 

Ilaj 

. Dayah 

*3G 

700 

Ditto and 

Mirnt ... 

, Lowpara 

X 4 I 

400 

very rocky. Perennial 
Sandy and 

Tel .. 

. Sonpur 

*43 

347° 

rocky. 

Ditto. Perennial. 
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The navigable upper tributaries arc the Tel, for 1 50 miles out of 
200 ; and the Sheonath, for 75 miles out of 195, up to Nandghat. 
The smaller affluents, the Hasdu, Mand, Kailu, and lb are each 
navigable for about 20 miles from their confluences with the 
Mahanaddi. 

The Mahanaddi and Katjuri have in high floods velocities of 
7 feet per second. At Naraj the Mahanaddi emerges from a 
rocky ridge, only $ mile wide, into a wide basin, 3 miles broad 
and 4 miles long, reaching to Kattak. The head land of the 
delta at Naraj divides the Mahanaddi north of town from the 
Katjuri south of town The upper affluents of the Mahanaddi 
arc in hilly country, and may be said to be unexplored 

From gaugings at Kattak it appears that the ordinary 
embanked channels of the delta could only carry off a flood 
rising to 20 feet on the gauge, and half a flood rising to 27 
feet — hence the devastation so often caused ; a flood over 20] 
feet may last seven days, although they remain at full height for 
only 12 hours There is a sounding cf 80 feet of water in the bed 
between Baide^sur and Dewakot, being 16V feet below mean sea 
level. The Banki reservoir covers an area of 150 square miles, 
having a mean flood depth of 20 feet, and gives one-third of the 
relief from flood that is required Total flood discharge from 
27th July to 3rd of August, 1855,761 billion cubic feet , of which 
545 billions can be carried off in the river channels, leaving 216 
billions in 7 days=40o 000 cubic feet per second to be provided 
for by reservoirs, cuts, and special arrangements 

Discharges of the Mahanaddi and Katjuri 
Date. Tlace. 

Flood of 1855 .. Below junction with the Beropa 

Flood of 1855 ... The Katjuri and Kokai 

Mahanaddi Series, Total 1820000 

The historian of this river is Captain Harris, who laboured 
many years in endeavouring to mitigate the effects of its floods 
In 1863, Mr. W. Armstrong recommended to Gotemmcnt the 
constiuctionof a canal for 130 miles from Chandarpur to Dholpur, 
in preference to improving the bed of the river. The engineers 
uf the East India. Irrigation Company were then preparing 


CuUl fast 
perjecond 
I 040 OOO 

780 OOO 
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the project which took definite form in April 1864, for a canal 
combining irrigation and navigation, aided by storage reservoirs. 

The Narbadda . — The peculiarity of this long river is its present 
unnavigable condition throughout the greater part of its course. 
There is no doubt that, in spite of all alleged difficulties, the 
most useful part of it could be rendered navigable 

It rises near Amarkantak, 5000 feet above sea level, com- 
mencing a course of about 800 miles. In the upper reaches it 
runs in basalt, with falls, rocky barriers and rapids, and is utterly 
unfitted for improvement into a navigable course, until it arrives 
at llcira Ghat, opposite Jabalpur, about 500 miles from the sea 
and nearly 1 200 feet above sea level 
■ About this place the river enters its first upper-level large 
valley, about 200 miles long, from Bcira Ghat to Hmdca. In the 
first 120 miles of it, from Jabalpur to Hoshungabad, the fall is 
only 50 feet ; thus the latter place is 1 150 feet above mean sea level. 

The intricate navigation and impeded course extends between 
Hindcaand Banvai; for this distance — 60 miles — the fall from the 
first large valley to the second valley is nearly 400 feet ; but the 
greater part of this fall is concentrated in 40 miles of it 

The second large valley commences above Banvai at a level of 
about 750 feet above the sea, and extends for about 100 miles to 
Chikalda, and has a general fall of nearly 200 feet. 

Intricate navigation, falls, rapids, &c., commence near Chikalda, 
583 feet above the sea, and extend to near Tallakwara, 250 feet 
above the sea ; thus giving a fall of 333 feet in about 90 miles 

At Tallakwara the lowest or-sea reach begins, and extends for 
Co to 80 miles of tortuous course to near the town of Baroach 
‘and the sea. 

Among the disadvantages met on this river aic that — 

1. The wind is generally against stream. 

2. In the shallows there is only one foot of water. 

3. The current is 4 miles an hour. 

4. The mansun freshes rise to 70 and 90 feet 

5. The banks arc very high in the level valleys. 

Also that Captain Fenwick’s journey in 1848, July and August, 
taking down 1 1 tons of Narbadda coal on the river, seems to 
have acted as a permanent deterrent instead of an inducement 
to improve the navigation of a district where marble, coal and 
iron were plentiful 
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The Godavari , length S98 miles, rises at Nassik, lat, 20* o', 
long. 73® 47', and passes south of Aurungabad, through native 
territory for 450 miles, until it joins the Pranliita at Sironcha. 
Above Sironcha it is unnavigablc, and had a discharge in 
February, 1866, of only 300 cubic feet per second From 
Sironcha to Palmilla, about 3S miles, the fall of the bed is 
0 5 feet per mile, and this part of the river is navigable , the 
Pranhita having contributed a discharge of 72C cubic feet per 
second (February, i 865 ). From Palmilla to Fnchampjlli is .1 
barrier of rock 14 miles long , known as the second barrier of 
the Godavari, above which the river is> 3 900 feet wide From 
Enchampilli to Dammagudiam 270 fnilcs, the river has a fall of 1 
foot per mile. At Dammagudiam there is a barrier of rock 8 miles 
long, known as the first barrier of the Godavari ; at tins place 
the river is 5 280 feet wide, the discharge being 1 875 cubic feet 
per second in May, and 9375 cubic feet per second in J.mujiy, 
having a current of 3 to 5 miles an hour At Gollagudiiim, about 
20 miles below this barrier, the discharge in February, 1 800 , was 
2 825 cubic feet per second. At Palavcram the river emerges 
from the hills, 80 miles below the first barrier, and 20 milts fiom 
the town of Rajahmandri, which is 4 miles from Dowlaislnv.il. im, 
the head of the delta, for these 104 miles the fall is about i) 5 
feet per mile. At Palavcram the river gorge is only ( tn> ficl 
wide (February, 18C6), but the floods rise to do feel above llic 
February level ; very high freshes occur three times in tin ill .111 
sun and last for four or five days, the general velocity of the 
stream then being 6 miles an hour. The river is navigable 
from Sironcha downwards, excepting at the barriers, during tin 
mansuns only, ie , from December to May It has time un> 
navigable tributaries : the Indravvatti, joining it above the M'toml 
barrier, which is 300 miles long, discharging 150 cubic feet pi r 
second (February, 1866) , the Sibberi, 200 miles long, discharging 
500 cubic feet per second (February, 1866), and joining it below 
the first barrier ; and the Jal, 100 mtlcs long. 

From Sironcha to the first barrier the river channel has no per- 
manence of form, it shifts its course, and forms large banks and 
shifting shoals ; the banks are soft, and the rocks that occur arc 
sandstones and sometimes limestones. From the first barrier to 
the head of the delta the channel is comparatively permanent, 
the banks arc tough, the sand is large and coarse grained, 
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requiring a powerful current to displace it, the rocks are 
unstratified, and form natural groins, which aid in giving per- 
manence to the channel. From the delta head downwards the 
river runs in a natural embankment, 6' to 24 feet above the level 
of the country ; its bed falls o - 5 feet per mile, the summer water 
surface 07 feet per mile, and the high flood surface 1*25 to i‘50 
feet per mile, down to the mouth, 40 miles below. In the delta 
the river, when in full flood, has a width of miles, and a sur- 
face velocity of 4! miles an hour ; the rise of surface varies from 
20 to 50 feet ; the last two feet of rise being never maintained 
for more than two hours. From the middle of June to the 
middle of September the volume is always more than 12 000 cubic 
feet per second ; during the rest of the year 3 000 cubic feet per 
second is considered its ordinary minimum supply. In exces- 
sively dry years the discharges have been as follow s : December, 
16 875 cubic feet per second , January, 8 047 ; February, 3 S25 ; 
March, 2 782 ; April, 2 047 , May, 1 6S7 , first half of June, 1 500 
cubic feet per second. 

The Tributaries of the Godavari . — These are first, the hill 
streams in’ the neighbourhood of Nasik ; then the Prawara and 
the Mula from about Akola, which join it near Newasa. Above 
Nandcr, it is joined by the combined Dudna and Purna ; and 
below Nander by the Manjira, which has a very tortuous course 
and drains a large tract. The Manair also joins it just above 
its confluence with the Pranhita. 

The Northern Tributaries of the Godavari, that together form 
the Pranhita, which is 90 miles long from Tailodhi to Sironcha, 
are the Warda, 250 miles long, which rises in the Satpura range, 
and after being joined by the Wunna at the falls of Dindora be- 
comes navigable for the last IOO miles of its course; the Painganga, 
which rises in the hills south of Berar, and after an unnavigablc 
course of 320 miles, joins the Warda above Chanda ; and the 
Wainganga, which rises in the Satpura range near Seoni, takes 
a course of 430 miles, unnavigablc, and joins the Warda at 
Tailodhi. The Pranhita is, like the lower portion of the Warda, 
navigable for three months in the year, from Tailodhi to • 
Dewalmarri, where there is a barrier of rock 36 miles long ; below 
this to Sironcha it is navigable for four months. The fall of its 
bed is about 1 foot per mile, so also is that of the Warda in its 
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navigable portion. Above this the Warda falls 4 feet per mile, 
and the Wunna 2 feet per mile. The Wainganga has a fall of 546 
feet in 192 miles, from Kampti to its mouth, or 2 8 feet per mile. 

In 1864-67 an attempt was made by Col. Haig, aided by 
Captains Roberts and Jackson, to open a navigable commu- 
nication from Dindorn. to the coast ; it was, however, at last 
abandoned, on account of its excessive expense. 

The Kistna, length 800 miles, rises north of Sattara, Bombay 
presidency, in latitude 18 0 , and enters the sea 35 miles SW. of 
Masulipatam It is a perennial river, entering the plains at 80 
miles from its mouth, and there becoming a large river, is utilized in 
deltaic irrigation. In the dry weather, from November to June, its 
supply is very small, being derived principally from springs in its 
bed; from July to.Octobcr it varies much, even falling as much 
as 10 feet in 24 hours. In full mansun there is a constant stream 
20 feet deep, the crest of its banks is from 20 to 40 feet in height, 
and its section from ij to 2 j miles broad At Bezwara, the 
head of the delta, 60 miles from the sea, where are the last out- 
lying spurs of the hills and the anicut or dam, the river is 1 300 
yards wideband has a depth in dry seasons of from 5 to 6 feet, 
in average freshes of 31, and in highest freshes of 38 feet. In the 
delta it runs on an elevated ridge, having an average fall to the 
sea of I foot per mile, varying from 09 to 1 1 feet, the fail of the 
country on both sides towards the sea being 1 5 feet per mile. 
The irrigation of the delta, commenced by Captain Orr, provides 
for taking off 3 500 cubic feet per second for each side of the 
river ; but the irrigable area on each bank is capable of utilizing 
32 000 cubic feet per second during the season of cultivation 

The Tributaries of the Kistna — The Upper Kistna, or Krishna, 
in Satara, is joined by the Koyna near Kanad, afterwards by 
the Ycrla and the Wama, above Mi raj ; two other affluents join 
it near Kurundwad. After a tortuous course it is joined by the 
Ghatparbha, near Bagalkot.and the Malparbha, w ith its tributary, 
the Nawalgund Stream, at a point near Hungund , these two 
rivers, from Bclgaum and Dharwar, being of torrential character. 

The large affluent, the Sina, joins the Kistna near Raichur; 
the other large affluent, the Tungabaddra, joins it below Karmil. 
There arc several lower tributaries from the north, the chief being 
the Musi and the Muniycr, which have large catchments in 
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Haidarabad territory. The following are the falls in feet per 
mile on these tributaries : — 


The Krishna , Saltara, 

above Kursi .. 4 7 

Kursi to Bahey 1 -9 

Bahey to Yerla . 1 4 

below Yerla ... 06 

The Yerla , 

Krishna to Chikli 8 8 


The Kotna , 

Helwak to Karrar . . 1 *3 

Karrar to Bahey ... 0-4 

above Bamnoli ... 60 

The Malparla, Belgaum r *25 to 1 *5 
The Gatparla, Belgaum, 

below Gokak ... 1* to 2’ 


The Since affluent.— The Bhima rises in the Ghats above 
Khed; after being joined by several hill streams in that 
neighbourhood, the Mulamutha, from Puna, joins it, also the 
Ghornaddi, or combined Ghod and Kukari, near Dhond. The 
Nira, a large stream from Bhor, joins it below Indapur ; the Man 
joins it near Mangalvedha, and last it joins the Sina proper in 
the neighbourhood of Sholapur. 

The Upper Sina, or Sina proper, rises near Ahmadnagar, and 
follows a very direct course, with few affluents, by Purainda and 
Sholapur. 

The combined Sina-Bhima is joined near Wadi by a large 
affluent composed of the Mulamari, the Benathora, and other 
streams from near Pargi ; the whole flows south to join the 
Kistna opposite Raichur. 

The following are the falls in feet per mile on these tribu- 
taries : — 


The Nira , Puna, 

above Ramlishwar 4-6 
The In da ra uni. Puna . 275 
The Bhima , Puna, 

Sarwali to Deksal . 275 


The Sma, Sholapur, 

above Undogaum . . 275 

The Man, 

Diguchi to Manswar ... 5 '5 


The Tungabaddra affluent has a length of about 213 miles 
from Gutal, where its upland tributaries, the Tunga, the Baddra, 
and the Choardi join the Warda, to its junction with the Kistna, 
at about 81 miles below Kamul. These four upland 'tributaries 
drain an area of 3 754 square miles in the province of Maisur, 
a portion of which is hilly country, having a downpour of 135 
inches, the .remainder being plains with a downpour of only 24 
inches. 

Of these, the Warda, draining 610 square miles, has merely a 
few small anicuts on its feeders ; its ordinary mansun discharge 
is roughly assumed to be 5 000, and its maximum flood discharge 
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30 000 cubic feet per second. The fall of the Warda in Dhanvar 
is 2 feet per mile. 

The Haggri — joined by its affluent, the Chinna Haggri, which 
falls into it near Mukalmuru — feeds the large Eyenkaira and 
Maddak tanks in a comparatively rainless district, and may 
eventually also supply an intended large reservoir at the Mauri 
Kunawai pass, where its discharge has been gauged for two years, 
giving as an ordinary' mansun discharge 4 500 and as a maximum 
flood discharge 50 000 cubic feet per second 
The Tunga, after being joined by the Baddra at Kudli, is 
joined by the Choardi at 10 miles above Hanhar, and at Harihar 
itself by the Sulikerrr ; the maximum flood discharge of the 
combination of the three at the large bridge at Harihar has been 
determined to be 207843 cubic feet per second, and the ordinary 
mansun discharge roughly calculated to be 30 000 

At Wallabapur, after a course of 55 miles, the Tungabaddra is 
joined by two tributaries, and at its 120th mile by the Haggri, 
after which it passes Sunkesala at its 175th mile, and Karnul 
before joining the Kistna The fall of the T ungabaddra in Dhanvar 
varies from 2 to 2*5 feet per mile. At Sunkesala are the headworks 
of a series of canals flowing thence to Kaddapa , and Wallavapur 
is the proposed site of headworks for a high-level canal, thence 
passing Ballari to Karnul In order to afford further supply to 
these canals, it was proposed to enlarge existing reservoirs and 
make others on the upland tributaries of this river ; and with 
this view some gaugmgs were made on them for six months 
from June to November, 1865, giving the following results: — 

Sq mile*. Million cob ft Inches run off. 
The Tunga, at Shemuga . 950 . 229662 108 

The Baddra, at Benkipur . 884 . 125928 . 63 

The Choardi, to Maddak tank 486 . 54 000 . 50 in floods 

The Haggri, at Heriur . 1 400 . 1 350 

The Tungabaddra, at Wallabapur . 356 940 

The Tungabaddra, at Sunkesala . 569 700 

The proposed reservoirs on the tributaries, intended to store 
the above supplies, and render the present Tungabaddra canals 
perennial, are the Mudaba on the Tunga, the Lakkawali on the 
Baddra, the Masur on the Choardi, and the Mauri Kunuai on 
the Haggri 

Further information about the upland tributaries in Mntsur 
is given in the following tabular data : — 
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The Puttier, length 355 miles, rises in Maisur, about 150 miles 
above the Madras Railway bridge, down to which point its 
catchment area is 4500 square miles. At Perur, where its 
upland tributaries have joined it, the channel is larger and 
more permanent; from this point its course is about t ro miles 
in length, without having any important tributary, to its junction 
with the Chittravatti above Jamalmagdu, where the catchment 
area of the latter stream is 3325 square miles: the maximum 
flood discharge of the Chittravatti is 23 100 cubic feet per second, 
and its ordinary mansun discharge is about one-tenth of that. 
About 40 miles below this its tributaries, the Kunder and the 
Papagni, rejoin it, the one having a catchment area of 3000, the 
other of 2460 square miles: the latter has a maximum flood 
discharge of 5 244 cubic feet per second, and an ordinary mansun 
discharge of about one-tenth of that. At 32 miles below this 
the Sugalcr and the Cheyer join it At 1 8 miles below this, and 
at 70 miles from its debouchment into the sea, is Someshwaram, 
where the river leaves the Western Ghats, the site of the proposed 
headworks for a deltaic canal to irrigate the Nellur side of the 
delta The total length of the river from Perur to the sea is 
about 270 miles. Its upland tributaries in Maisur are utilized 
(see following tables of the tributaries), but for the rest of its course 
down to the head of the delta the river now flows on unutilized. 
On the Kunder, at 25 miles above its junction with the Penner, 
is the Rajoli Dam and subsidiary headworks of the chain of 
canals from Sunkcsala to Kaddapa ; the tributaries of the Kunder 
are also utilized in the same way, affording irrigation to the 
large \ alley of the Kunder, 

For the greater part of the year the Penner, as low even as 
the Madras Railway bridge, is dry at the surface, though at 
from 1 to 4 feet in the bed plenty of water can always be found. 
The ordinary mansun floods arc 6 to 8 feet deep ; the extra- 
ordinary floods 1 3 feet At the bridge-site the river is r 350 
feet wide ; the soil is clay for 5 feet, gravel mixed with clay and 
kunkur nodules for 4 feet more, resting on a layer of sand, 
superimposed on hard, dark green kunkur. 

The Tatar has its upland course in Maisur (sec tabular data); 
its lower course in Madras is not described in any available* 
official account. It has a long narrow basin. 
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276 


INDIA. 




RIVERS. 


277 


The Kavari, length 4 7 - miles, rises in the Western Ghats, and 
has a catchment area, together with its delta, of 32000 square 
miles. It is fed by both mansuns, and its volume is abundant 
from the beginning of June to the end of December. The 
discharge on the 4th December, 1833, at the head of the delta, 
was 16875 cubic feet per second, according to Col. Cotton : but 
in high flood the discharge is as much as 320625 cubic feet per 
second These discharges represent respectively o 53 and 
cubic feet per second per square mile of catchment ; the latter 
being 75 per cent, of the estimated downpour, or a depth of 060 
feet run off annually. 

From January to May the discharge is small, much less 
" than 16000 cubic feet per second; though there arc freshets 
in March and April due to local storms. Above Srinagram, in 
Tanjor, the Kavari divides itself into the Kavari and the Kalerun 
branches, which irrigate the delta, none of the Kavari water 
reaching the sea in dry seasons ; this is due to the grand anicut 
of Srinagram constructed by the Telinghi rajas in remote 
antiquity, and restored and remodelled by Col. Cotton, 
between 1830 and 1836. The slope of the main stream 
above the bifurcation is 3 5 feet per mile, from that to Srinagram, 
that of the Kalerun is 2 feet per mile , from Srinagram to 
the sea coast, its average slope is 1 foot per mile. The general 
fall of the main Kavari branch is 04 feet per mile less than 
that of the Kalerun. Before 1830, 12C22 cubic feet per second 
were utilized in irrigation from the Kavari branch and 4125 
cubic feet per second from the Kalerun, or 16474 cubic feet per 
second in all, out of 16S75 In 1 S3 3, the works con- 
structed by Col. Cotton utilized 9 375 cubic feet per second 
from the Kavari and 7 500 from the Kalerun, the latter suffering 
as much from excess as the former from deficiency. In 1845 
Col. Sim made a regulating dam across the head of the Kavari, 
and lowered the Kalerun dam 2 feet, since when the regimen 
has been perfectly under control The Kalerun is now not only 
a channel of irrigation, but is also the great drainage channel of 
the delta ; the Kavari is a channel of irrigation only, its entire 
\olumc being subdivided into small channels, and entirely 
utilized, although in its upper portion it is a mile in width. 
Information about these works is given under the head of the 
Kalerun deltaic canals. 
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The Tributaries of the Kavari, consisting of the Upper Kavari 
the Somavatti, Hemavatti, Lachmantirth, and Lokani, join 
above Sriringapatam. Their combined maximum flood discharge 
at Bannur, below that town, has been roughly determined to be 
239 OCX) cubic feet per second ; the ordinary mansun discharge, 
for a depth of 8 feet, is about 36000 cubic feet per second. 
The other tributaries are the Kabbani, the Arkavatti, and the 
Shimsha ; the maximum flood discharge of the Kabbani at 
Nanjengod is calculated to be 63 700 cubic feet per second, its 
ordinary mansun discharge about one-tenth of that ; the 
maximum and ordinary mansun discharges of the Arkavatti 
at the Mangadi-road bridge are calculated to be 50000 and 
3 500 cubic feet per second ; the discharges of the Shimsha are 
assumed to be identical in quantity with the latter. Some 
further information about these tributaries in Maisur is given 
in the tabular data 



The Tributaries of the Kavari, in Maisur. 


RIVERS. 


279 



The Western Coast Rivers in Maisur. 


INDIA. 




RIVERS. 


281 


The Tambrapumi, length 80 miles, rises in the Western Ghats, 
having its principal source in the valley of papanassan, drains a 
large tract of hilly and tvoodland country under the influence of 
both mansuns, and falls into the sea south of Tuticorin. Its 
catchment area is 200 square miles ; its course for 20 miles is in 
forest-covered mountains, where the annual rainfall is from 200 
to 300 inches ; and for 70 miles in plains at the foot of the hills, 
where the rainfall is from 20 to 30 inches ; for the remainder of 
its course it receives a rainfall of only 18 inches. Its fall at 
Papanassan, and that of its tributary, the Chittar, at Kurtallam, 
are renowned for their beauty, and are considered sacred. 
There arc seven native anicuts on the Tambrapumi, four on 
the Chittar and two on the Mannemubuar : in addition to the 
modem one constructed at Strivigantam by the English. Its 
floods commence in June, when they are sometimes 10 feet deep, 
and frequently recur during the next six months, or during 
the north-east mansun. The drainage from the hills keeps up a 
stream, at Strivigantam, of about 314 cubic feet per second, in the 
hot weather, and of never less than 198 cubic feet per second in 
March ; during the six months of full supply the discharge is 
not less than 600 cubic feet per second The amount of its 
discharge utilized for irrigation is thus estimated in the Govern- 
ment records : — 

864 cubic feet per second, for 225 days for 1st crop 

405 „ „ for 45 days for and crop. 

1923 „ „ for 45 days for and crop. 

Average depth at Stnvigantam 7 feet, fall 2} to 3 feet per m>le, 
velocity 3 to 5'6 feet per second 

The Vnipar . — The discharge of this stream has not been 
measured, nor arc any observed velocities mentioned in the 
Madras Government records, but its flood discharge has been 
thus approximated to by calculation. Its catchment area is 342 
square miles, and it is supposed that there is a maximum rainfall 
In 24 hours of S inches over one fourth of it, of 4 inches over 
another fourth, and of 2 inches over the remainder, and that the 
stream carries off one-fourth of this, three-fourths being lost by 
absorption and evaporation This gives a flood discharge of 
S S50 cubic feet per second 
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Burma. 

The Irrawaddi . — Discharges were measured at Saiktha from 
July, 1872, to September, 1873. Below this the floods pass 
over the left bank into the Rangun branch. Formerly some 
went over the right bank into the Nawoon rivfer or Bassein 
branch. 

Between the years 1870-77, the least annual discharges 
occurred in 1873 and 1876; and the greatest annual discharges 
in 1871, 1875, and 1877. 

An average discharge throughout a year is at 469 040 cubic 
feet per second. 

The low-water peiiod is from December to May .. 12 J per cent. 

High water „ June to November . . 87! „ ' 

100 „ 

High flood happens in July, August, or September. Mean flood does 
not exceed 1 200 000 cubic feet per second at Saiktha. 

Cubic feet 
per second 

Least measured discharge at Saiktha on 3 March, 1873 79000 

Least estimated discharge 5 March, 1877 46000 

Greatest „ „ on ao Aug., 1877 . . .. 2000000 

The Irrawaddi is 3 to 4 miles wide near Mandalay above 
the influx of its lower tributaries. The measurements of Heath- 
cote, at Sagaing, 3 miles below Mandalay, in October, 1854, 
gave 316580 cubic feet per second, at a section of 105300 
square feet in ordinary flood. 

At Bhamo, 800 miles from the sea by river course, the river is 
mile wide in flood, and 1 mile at low water ; but it is broken 
into three channels by islands ; the rise from low to high water 
is 60 feet. The estimated high flood discharge is I 200000 
cubic feet per second. 

At the Tshenbe defile, 5 miles above Bhamo, there are rapids 
and rocks ; here navigation for steamers ends The Mogoung 
tributary enters above the defile. This defile is about 20 mites 
long, and at one point is only 180 feet wide ; its depth varies 
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from II to 25 fathoms ; and its current is 12 to 15 miles an hour 
when not near the highest stage. 

At the Muntgoung defile (\at. 26* N.) Mr. The.ttell, in 
February, 1874, found the river divided into two branches, one 
150 feet wide, the other about double that, with 6 feet of water 
in the deepest part; this narrowed to a gorge just below Munt- 
goung, the highest point reached yet by any European. 


Tributaries cf the Irraxvaddi — The four affluents, mostly 
navigable for large vessels, are the Ringthi, the Mogong, the 
# Bhamo, and the Lungtchung. Their depths are tolerably uni- 
form ; the tide is not excessive, though it comes in with a rush ; 
there is not a bore as on the Salwin. 


Table of Flood Levels in the Irrawaddt 

Distances j Water Level above MSL of 1877. 
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The Sit Tomtg . — Tins river has a long, narrow basin between 
the Irrawaddi and the Sahun ; the mam channel passes by the 
towns of Tounghoo and Sit Toung. 


The Sahvin or Nukiang, also called the Mulmen river.— Dr. 
Richardson visited this river on 14th February, 1837, crossing it 
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in latitude i8* i & 22'', at about 200 miles from its mouth ; it 
was there 900 feet wide, its rainy season channel being double 
width, with steep banks ; having a probable highest flood 
discharge of 600 000 cubic feet per second. He reported the 
river unnavigable beyond 60 or 80 miles from its mouth. 
Sconce and Watson examined the river on 30th December, 1863, 
in latitude 18* 50', and found the channel and probable discharge 
there corresponding to the data of Richardson. O’Riley visited 
the rapids between those two points, where the river was com- 
pressed to 360 feet wide, and blocked with boulders and 
shingle; unfit for navigation, except when the river is full and 
for a short time. 

Davenport crossed the Sahvin on 30th April, 1876, by an iron 
suspension bridge, of two spans of 500 feet in all, on the high 
road from Bhamo to Yunan. The span over the deep bed was 
270 feet wide ; the stream was deep, rapid, and turbid. 

This river has a long, narrow basin without any large lower 
tributaries ; it is much broken by cataracts, and is subject to a 
bore, sometimes 20 feet high. Its length is unknown. The 
eastern bank of much of the main stream is Siamese territory. 

The Me Khlaung and the Me Nam are in Siamese (Thai) 
territory, and have not been explored. 

The Me Kong is the great river of the Burmese peninsula, 
with an enormous delta in Camboja. 

The Song Kai is the most eastern river of this peninsula. 

These four latter rivers drain eastwards and have been but 
little explored. 
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List of Navigable Caiuls of Indi\, constructed or improved 
BETWEEN 1848 AND 1859. 

North-Western India, 

Panjab. 

There is not any navigable canal jet open, in 1859 
The Bari Doab Canal, under construction, is a navi- 
gable channel for 469 miles, having cost ,£620 000. 

The sum of ^730000 will be required to com- 
plete it. 

Sind. 

Karachi CollccloraU . 

The following old canals have been improved, and are suited to 
country boats only during the inundation period, from June to 
August : — 

Miles. Cost. 

Khanani Canal ... -35 

Makri Canal . . . . 4*75 

Malcri and Nasirabad and Khanani . . . 13-5 

Chindan, Khanani and Malcn . 7 

Mahmudwah Panyari and Shorvrah, Chandan and 

Satah ..... . 15*25 

Satah Chandan, Shorwah, Mahmudwah, Pan) an and 

Shorwah ... . .. .. . .. 10 

Nasirabad and Makri Fattah ... 7 

Satah and Khunta . . • • • S‘S 

Azul Canal to the Indus (perennial) io* 

Fattah . . 1 75 

Nine canals in Jerrak and Shah Bandar districts . 51-0 

Ilaidarabad Cellcctorotc. £ 

New Sangatwah Canal expenditure 0-75 129 

Slukarfur CciitctoraU. 

Biggari Canal ... ... ... ... . ... 75* 17000 

Nurwah Canal 19- 2300 

Total in Sind «4* 22 109 
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Miles. Cost, 

North Eastern India. 

North-West Provinces. 

The Western Jamna Canal. ] 

The Eastern Jarnna Canal. (• Not much used for navigation. 

The Ganges Canal,sopen in 1854. 1 


Bengal. 


The following are tidal canals • — 


£ 

Uttadangah Canal from Dhapah to Uttadangah . 

• 4 

7 208 

Canal from Kaurapulcar Thai to Chartial Khal 

. 8 

749 



7 957 


Southern India 

Bombay {Malabar) 

In this presidency, excluding Sind, there are not 
any navigable canals. 

M auras 

Rajahmandri District. 

Improvement of Upper Godavari , spent 14 032 

Estimate for half a million pounds to make the river 
navigable as far as Berar cotton districts 
Palkol Channel, from I)auleshweram to Narsapur, to 


serve for navigation and imgation 

3° 

16 138 

Thubah Bagah Channel from Taddam to Kokanada ; 



navigable and irrigating . 

36 

38082 

The Ralli Channel 

28 

14 551 

The Samulkottah Channel, with extension to Turn ... 

28 

11902 

Masuh/atam District 



High level Channel, from the Godavari anicutto Ellor ; 



this will be extended to Beznada 

3S 

19248 

The Apprau Channel, to the right of the Godavari 

7 

3 481 

The Bodemer Channel . 

2 3 

8 955 

The Weyleru Channel 

2 9 

24 235 

The Fuleru Channel 

32 

17 663 

The Mopedam Channel 

23 

4 556 

Gantur District. 



The Tumbaddra Channel 

40 

7GG0 

The Mizamapatam Channel 

32 • 

16 260 


Extension of the High level Channel to Niganampad, 
joining the East Coast Canal 

Carried forward ... 335 £190 703 
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Miles Cost 

Brought forward ... 335 ,£196783 


South Arkot District. 

Improvement of the Khan Sahib Channel 20 

Canal from Kaddalur harbour to Potto Novo on the 

river Vellur ••• 11 

Tanjor District 

Canal from Trtmalvassel on the Umbenam to the 
Kalerun river ... • - ... ... 10 

Improvement of.the Maniar river . . . 36 

Malabar District. 

Canal between Ptinani and Teruvangiddi 12 

Opening the Kalikut Canal . .... 8 

Canal from the south bank of Punani river to the 

backwater . ... • • «•• 12 

From the Puraparamba lake to the Tanur Canal 2 
Madura District. 

Improvement of the Paumben Channel . . 3 

Eastern Coast Canal. 

Eastern Coast Canal .. . . . 62 

The whole now open for traffic is 174 miles. The 
entire length will be 588 miles from Tuni to Point 

Kalamir. 

Total for Madras Presidency . 512 


676 
10 628 

4 227 
3 600 

614 

1936 

1450 

838 

5 059 
31 685 

£257 196 


Remark . — With the exception of the rudimentary East Coast Canal 
and some of the Rajahmandn and Masulipatam channels these Madras 
canals are suited to local traffic, having a depth seldom exceeding 
4 feet 


, British Burma. 

Tenasstrim and Martaban P> ounces. 

Canal across a btnd in the river Sittang below Shoay 

Gym ; navigable but not completed .. .. 0*28 75 

Canal from Dannu to the Sittang , and Zamathway t 85-00 COO 

creek, open for steam tiaffic from June to October J 1 7 ■ 30 

Total for Burma . . ... .. j oz 2 g ijqq 

Total for India and Burma in 1859 ... 850* £287 967 
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A List of the Principal Canals of India, Existing in 1874. 
Northern India. 


Perennial Canals fully Developed. 


Name. 

Province. Source. 

Supply, 

actual or intended. 



C. ft. per. sec. 

The Western Jamna Canal •• 

. Panjab . . The Jamna 

... 2372 

The Eastern Jamna Canal .. 

N.W.P.... The Jamna . 

I 068 

Half Developed, 

or undergoing Re-modelling, 

Tne Ganges and Lower Ganges Canals The Ginges . 

.. 5 100 

The Bart Doab Canal 

. Panjab ...The Ravi 

2 201 

The Dun Canals ... 

. N.W.P 

123 

The Rohilkand Canals 

. N.W.P 

.. unknown. 

Under Construction 


The Sarhind Canal .. 

Panjab ..The Satlaj 

3000 

The Agra Canal 

N.W.P. . The Jamna . 

. 2 000 

The Sohan Canal 

Bahar .. The Sohan . 

S 3 oo 

The Sakhar Canal (Sind) ... 

...The Indus . 

.. unknown. 

Inundation Canals. 


The Upper Satlaj Canals ... 

Panjab ... aggregate length 224 miles. 

The Lower Satlaj Canals ... 

» 11 

418 „ 

The Chcnab Canals 

„ „ 

222 „ 

The Jhelam Canals 

n 0 

unknown. 

The Indus Canals in the Panjab „ „ 

577 miles. 


The Indus Canals in Sind ... Sin l „ about 50a 


Southern India. 

Perennial Canals { not completed .) 

Supply, 

The Orissa Canals Orissa ... The Mahanaddi various. 

The Tungabaddra Canals (not yet rendered perennial) ... 3000 
Minor Canals of Bombay in Kandeish, Sattara and 
Ahmadnugar. 

Deltaic or Inundation Canals, 


The Godavari Canals 
The Kistna Canals ... 
The Pennar Canals ... 
The Palar Canals ... 
The Kavan Canals ... 


Delta ... aggregate length 269 miles 


... Delta 
... Nellur 
North Arkat 
...Tanjor 


Channels from anicuts in Maisur. 

Channels from anicuts in Madura and Tinnevelli. 


2*5 ti 

unknown, 
unknown. 
200 miles. 
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List of the Principal Canals of India in 1882-3. 
Nortii-Western India {Indus basin , 6v.). 


Canals. 

Province. 

Supply. 

The Western Jamna Canal ... ' 


Jamna. 

The Cari Doab Canal ... 


Ravi. 

The Sarhind Canal ... * ... 


Satlaj. 

Lower Satlaj and Cbenab 

The Upper Satlaj Canals . . 1 

f Panjab ^ 

Satlaj, Arc. 

The Indus Canals of the Panjab 1 


Indus. 

The Jhelam Canals } 

| 

Jhelam. 

Minor Canals of the Panjab ... 


Various. 

The Indus Canals of Sind 

... Smd . . 

Indus. 

Hathmati Canal, Ahmadabad ... 

...Guzrat ... 

Hdthmati. 

North-Eastern India ( Gangetic basin). 

The Eastern Jamna Canal -v 


Jamna. 

meLo" E .r S G C r s i [ North-West r,ov, nets 5 

Ganges. 

Ganges. 

The Agra Canal . ' 

l. 

Jamna. 

The Sardah Canal 

Oudh, &c 

. Sardah. 

The Eastern Ganges Canal Gogra-Ganges Doab ... 

Ganges 

Minor Canals in the Dun, Rohilkhand, and Brjnaur 

Various 

BandaWhand Canals 

Bandalkhand, Ac Betwa. 

The Sohan Canals 

Bahar 

Sohan. 

The Midnapur Canals 

Bengal 

Hughli. 

Southern Indis {Peninsula). 


The Orissa Canals 

Orissa 

Mahanaddi. 

Bombay Canals .. ... Kandesh, Sattara, Arc. Small risers. 

The Tungabaddra Canal 

Kamul, Ac. ... 

Tungabaddra. 

The Godavari deltaic Canals 

Delta 

G odd van. 

The Kistna „ „ 

Delta 

Ktstna. 

The Pcnnar „ „ 

Nellur 

Penndr 

The Talar „ 

Ncnh Arkat ... 

Talir. 

The Kfivari „ „ 

Tanjor 

KAvari. 

Minor Canals in Maisui . 

Maisur 

Small rivers. 

Minor Canals in Madura 

Tinner ellr, Arc 

Vise, Ac. 


V 




Canal is mostly in the Gangetic basin j but was transferred to the Panjab province, which includes this tract of country, in 1861 or 1862. 
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Abstract af approximate results from remunerative works of irrigation 
( exclusive of tanks), in the Madras Presidency for 1 872-73. 




|Up to end of 1872-73 

I For year 1872-73 


Deltaic Canals 
from Rivers. 

District 

Irrigated. 

Total 

Capital 

Outlay. 

Total 

Gross 

Income. 

Interest 
& Main- 
tenance 

*Pro- S 

ceeds 

' || 
P 

ft. 

Southern India. 
Godavari 

Godavari . 

£ 

544788 

i £ 1 

3 427 3771 

£ 

36 023 

£ 

214 304 

3 2 ’7 

Kistna 

Kistna 

358254 

782 199 

24 669 

69 303 

12-5 

Pennar 

Nellor 

93 395 1 

89 142 

6 200 

8 954 

2-9 

Four anicuts . 

Chinglipat . 

1241ll 

32 133 1 

743' 

8 3461 

63-2 

Palar 

| Chinglipat. . 

21493 

23 233 

955 

5 723 


Palar 

North Arcot I 

75086 

34139 

3 718 

2 648 



Total Palar J 

96 579 

57 372 

4 673 

8371 

3-8 

Point 

North Arcot 

15 420 

34 987 

702 

641 

deficit 

j Alii aba d &\| 
l Cheyar . . J 1 

North Arcot 

20 207' 

24 450 1 

1407 

2 542 

S'5 

f Vellar and 1 J 
\ nine others / 

South Arcot 

52 055 

395 809 

4 961 

33 321 

53’8 

Lower Kalerun 1 

South Arcot 

12 974 

1 106 873 

2 399 

41 193 


Lower Kalerun 

Tanjor 

43 974 

66 118 

1892 

1967 


Upper Kalerun ■ 

Tanjor 

24 066' 

1 757 088 

1165 

67 083 



Total Kaleruti 

81 014 

2 930 079 

5 456 

110 243 

128*3 

Nandiar 

Tiichinopoly 

7 855 

9 640 

406 

944 

6*8 

Four channels... 

Coimbator... 

22 9G1 

24 288 

3 21G 

2 844 

deficit 

Ycnamalcal 

Malabar ... 

4 250 

6 408 

296 

141 

deficit 


N.B.— The capital outlay does not include deduction for wear and tear, nor, in 
some instances, the cost of the distributaries. The interest is 4 per cent on the 
outlay op to the beginning of 1872-73. 
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Brief Accounts of Indian Canals. 

North-Western India . — The Panjab. 

The Western Jamna Canal is the oldest of the perennial 
canals of Northern India, the most fully developed as regards 
its powers of irrigation, and the most remunerative. It has, 
however, been carried on in a most desultory manner, and even in 
1872 was not complete. In 1821, the capital expended on it was 
£14216, and from that time to 1833 the progress was next to 
nothing; in 1835, the capital account was £"33168; but in 
1836, £02 225. were spent, raising it to £100 000, from that 
time to 1846 next to nothing was spent, the account at that date 
being only £119 405, according to the returns formerly given 
The present capital account, given in the accompanying statistics, 
gives different figures, owing to an entirely new arrangement; 
but the same rate of carrying on the works is clearly illustrated 
by them. In 1853-54, this canal had arrived at a very good 
stage of development, after more than thirty years had been 
passed in spending £175 000 on works Up to 1872-73, the 
capital account was £311 693, but even then the canal had no 
permanent hcadworks, and the drainage works necessary for 
the healthy control of the irrigation were merely commenced 
half a century after the British first took the matter in 
hand. 

The canal is of Mussulman origin, having been projected 
and carried out on a small scale under the Mughal emperors. 
Its head is at Tdjawalla.on the west bank of the Jamna, 13 miles 
above Dddupur ; the supply being conducted from the head 
along an old branch of the Jamna to Bhilpur, thence by an 
artificial cut into the Pattrala hill torrent, and then along the 
latter, down to a junction with the Sombe torrent near Didupur, 
where a dam and regulating head for the supply of the actual 
main canal arc situated After 102 miles of mam canal it divides 
itself at Rer, into t no main branches the Delhi branch, "J miles 
long, tailing into the Jamna near Delhi and having distributaries 
aggregating 100 miles in length, and the Hansi branch, which is 
10S miles long to Mingnikhcra.and has 141 miles of distributaries, 
in addition to its sub-branches. At the Joshi regulator, in the 
X 1 tlv mile of the Hansi branch, is the head of a «.ub-branch. 
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which loses itself 1ft the sandy desert near Rohtak after a course 
of 43 miles. At the 13th mile of the Hansi branch, is the head 
of the Butana sub-branch, 18 miles long, down to its bifurcation 
into two channels, one 1 1 and the other 6 miles long. 

At Mingnikhera, the 108th mile of the main canal, is the head 
of the Bahadura sub-branch. 32 miles long, and of the Darba 
sub-branch, which is 18 miles long down to its bifurcation at 
Ramsira, whence it becomes two channels, each 10 miles long. 

In addition to the various branches and distributaries, there 
are escape cuts from the main canal amounting to 55 miles in 
length, and 62 miles of escapes, cuts, and drainage lines from 
the Delhi branch. A new branch from the 59th mile of the main 
canal to Bhowani was also proposed. 

As regards the width of the canal, the main line varies from 
360 to 120 feet, and the branches from 100 to 10; the depth is 
variable, the full supply depth at Dadupur being 4*3 feet, and 
the lowest supply about half of that ; the velocity at Tajawalla 
is about 17, and at Dadupur with full supply 4 14 feet per 
second. 

The tract irrigated is 120 miles by 10. 

In 1837-38, a year of famine, the acreage irrigated was 306 OOO, 
the produce saved being valued at £l 462 800; and the estimated 
value of the irrigated crops on 351 820 acres in 1872-73, being 
£2 021811. In 1846-47, 351 501, or (360902?) acres were 
actually watered, and the following works were completed : 
main canal 445 miles, excluding distributaries ; bridges of various 
sorts, 240 ; main headwork, l ; stop dams, 1 2 ; aqueducts, 2 ; weirs 
and falls, 9 ; escapes, 4 ; locks, 2 ; irrigation outlets, 672 ; inlets, 
36 ; station houses, 88 ; besides depots, mills, and workshops. 
The gross returns in 1846 amounted to 55 per cent, on the 
capital. The irrigating power of water on this canal is higher 
than that of any canal in India, having sometimes reached 
nearly 300 acres per cubic foot per second of supply utilized. 

While the Western Jamna canal yields the most favourable 
results as regards its powers of irrigation, this appears rather 
to be due to natural conditions than to skilful management. 

In 1819-20, before British reconstruction, the tract irrigated, 
992 square miles, yielded £200 655 in water rate, while in 
1850-51, the tract irrigated was 1015 square miles, yielding 
£224 177 in water rate ; the Increase of land revenue in each 
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case amounting to £41 521 , and the advantages due to HrithU 
military management over a quarter of a century appearing 
very small in this particular. 

The capital account of this canal was altered in the year 
1863*64, by debiting it from 1820 with a share of expenv-s for 
establishment and contingencies, thus changing the sum from 
£190404 to £212 899 on 1st May, 18G4; there is also fcome 
doubt about the establishment charges, whether they thould 
be 10 or 13 per cent on the cost of works during the whole of 
that period. 

In 1864-65 the average monthly discharge for the year v/as 
I 784 cubic feet per second ; in the Kharif season, 1 yt)\ ; and p, 
the Rabi season, I 777 cubic feet per second. 

In this year the value of the irrigated crops being fifty times 
the water rent paid, it was resolved to increase the water rate* 
and this was actually done in 1867-68: in this latter year tin: 
rainfall was exceptionally favourable to the cultivator, the result 
being that only two-thirds the breadth of wheat of the preceding 
year was irrigated , but as there was an increase of Irrigation ,,f 
7436 acres of sugar-cane, the loss was made up. 


The acreage of the principal 

irrigated crops on this canal for 

several years was as 

follows — 





1S60-61. 

1861-62 

1862 6j. 

'”>1 

Sugar-cane, annual . 

102 

: 33 78a 

44 73 ° 

30089 

cotton { 

44 9 6 S 
43 7 °& 

58578 

33558 

57 925 

25 549 

47 353 
45 H«i 

AVheat ... Rabbi . . 

1S1 208 

148317 

ill 129 

MS *34 


1 $64-65 

1865-66 

1 $66-67 

1*6; OH, 

Sugar-cane, annual ... 

29 786 

34 028 

>9 773 

2 7 206 

Rice ...) f 

Cotton ... £ Rhanf < 

57 «57 

5 « 5*7 

62 07 1 

39 455 

77 73 S 

62 6S< 

104 796 

98 800 

Indigo ... ) ' 

1 131 

1 477 

1 805 

*315 

Wheat ... Rabbi 

163 159 

126 293 

1 5 ° 233 

100 937 


In iS/I, Col. Croft on proposed, with an estimate of £211 
to make a permanent head, to complete the drainage work* and 
the distributaries from Indri to Delhi and Jhind , it hid howc\cr 
been discovered, in 1867, that the swamp* near Kama! and on 
the Delhi and Rohtak branches were absolutely nccc'sary ; — the 
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former having existed for 25 years, in consequence of the canal 
from Baria to Karndl consisting principally of natural channels. 

The details of progress on the works between 1872 and 1882 
are not forthcoming in England, but a little information about 
it may be gained by inference and from the capital accounts. 
In 1882-83 expenditure was going on, on a new main line, a 
new Delhi branch, a new Hdnsi branch, and on the Okla naviga- 
tion channel, as well as on new distributaries and drainage cuts.' 
It appears that the permanent headworks have been completed. 
The existing length of main Canal open during 1878 to 1882 
was 463 miles. 


The acreage of the principal 
1878-79 1879-80 

Sugar Cane 44 006 46 973 

Rice 48383 44 °75 

Cotton 76286 63 2or 

Wheat *4<>374 103470 


irrigated crops was thus 

1880-81 1881-82 1882-83 

23846 36269 47 2 47 

48372 43 376 44 960 

44213 60485 52461 

93 6 44 9 8 335 *45020 


The estimated value of produce grown in 1882-83 under irri- 
gation is £ 1 138 5G6. 

The present state of this canal as regards financial condi- 
tion and irrigation, is shown in the tabular statistics. 
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The Western Jamna Canal. — Statistics of Irrigation. 





Acreage Irrigated 

•5 5 


Yew. 

Supply 
admitted . 

Supply 

utilized. 

Kharif. 

Rabbi 

Total. 

r! 

j 5 
5 

Rainfall 
of the Year. 

1863- 64 

1 864- 6 t 

C. ft. p.sec 
* 254 

I 800 

C ft. p.sec 

l 784 

- 

r 

35 1 537 

Miles 

Feet. 

1865- 66 

1866- 67 

1867- 68 

1 615 

1 833 

1 875 

l 442 

I 790 
1499 

186887 

144 150 

33*037 

•S c 

1 ,*I 

7 

o , 8to2'6 

1868-69 

2 277 

— 

iq8 670 

288 208 

486 878 

a U 

o-8to 2’6 

1869-70 

2 372 

— 

234 465 

262 078 

496 542 


0*5 to 2 6 

1870-71 

2 067 

* 797 

2>8 535 

244 172 

462 707 

~ f . 

r*2 to 4"o 

1871-72 

2 147 

1 928 

187647 

256 738 

444 385 

^2 

0-9 to 5-9 

1872-73 

2 125 

1 802 

202 370 

149 450 

35 1 820 

1 7 to 3‘S 


The area of double cropped land is about 13 per cent of the to A 
acreage in 1872. The Irrigating capability varied from 430 500 acres 
in 1864 to 536 580 in 1871. 

Mileage of canal open from i860 to 1873. main canal, 102, 
branches, 313 


Statement of Water utilized on the Western Jamna Canal in 1872-73. 


Month. 



! head. 

escapes. 

[| 

neau. 

1 

escapes 


Kharif. 

1872. 

Apnl . . 

Cub. ft 
per sec.; 

I 2 359 ; 

Cub. ft. 
per sec 

434 

Cub. ft.Jl Kabbi. 
per sec | 

| * 8 72. 

2 12 c .October 
|[ 

Cub. ft 

2 4*3 

Cub. ft. 

353 

Cub. ft. 
per sec. 

2 060 

May 

j2 523 | 

j 555 

* 968 ^November 

2 54° 

374 

2 l66 

June 

! 2 446 

288 

j 2 158 j| December 

; * 94* 

39 6 

* 545 

July 

2 3*9 | 

1 

22 9 

2 090 ^January . 

1 242 

34* 

901 

August . . 

! 

2 142 

562 

x 580 I'Februaxy ... 

1 872 

249 

x 623 

September 

x 620 | 

*43 

* 477 r March 

2 0S4 

*52 

* 932 

Average 

2 234 1 

335 

1 899 j| Average { 

2015 

3** 

I 704 




Average ) 

I of > ear f 

2 125 

343 

I 802 




The Western Jumna Canaf.Su//ljf of Water and Irrigation ( Later Returns). 
A»er»ce Supply. I Irrigation. II 
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The Western Jamna Cental — Capital Account to the end of 1872*73. 


Detail. 

Previous. 

In 1872-7; 

[. Total. 

A. Temporary Head Works (to main- 

£ 

£ 


supply) 


78 

78 

B. Cost of Land 

3 316 

29 

3 345 

C. Masonry Works. — 1. Main Canal 




and branches 





— 

a. Dams, and regulating works .. 

2 487 

1017 

3 504 

b. Falls and weirs ... 

9 050 

336 

9 387 

c. Aqueducts ... 

248 

— 

248 

d. Escapes .. 

5G3 

— 

563 

4 Supply of tanks 

1555 

— 

1555 

5. Road bridges 

1679 

— 

1679 

8 . Buildings 

201 

330 

350 

D. Earthwork. — 1. Main Canal and 




branches . • 

18 542 

948 

19 490 

3. Drainage works 

1714 


| 1714 

E. Miscellaneous 

1312 

138 | 

1450 

Total Main Canal, and branches ... 

40 486 

2 877 

43364 

Distributing Channels, 




C. Masonry works. — d. Irrigation Out- 




lets 

— 

676 

570 

Expenditure on general works up 




to 1863-64 

194 341 

— 

194 341 

Total on Works 

234 827 

3 453 

238 281 

Direction . . 


903 


Executive 

— 

4 430 

— 

Survey ... 

— 

5 417 

‘ — 

Total on Establishment 

66 645 

10 755 

67 400 

Total on Tools and Plant ... 

1407 

19 

1426 


292 879 

14 228 ! 

307 107 

Add or deduct fluctuations of suspense 




ba'ance : for stock, sales, and 




advances Total 

5158 

-572 

4 580 

Total Capital Outlay ... £ 

298 037 

13 656 | 311 693 
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The Western Jamna Canal. — Capital Account in 1883 . 


Detail. 

Previous. 

In 

1832 - 83 . 

Total. 


£ 

£ 

£ 

( 1 ) Headwords— 




Works, land and buildings 

44 8 CG 


44 8 GG 

( 2 ) Canal and Branches— 




Land 

1 G 2 G 8 

211 

1G 479 

Regulators 

15G8G 

G 

15G92 

Falls and Weirs 

21211 

417 

24 058 

Cross-drainage works 

10 290 

737 

11027 

Bridges 

44 938 

4 755 

49G93 

Escapes 

21918 

321 

22 239 

Navigation works 

G3 730 

23392 

92121 

Mills and Buildings 

7 099 

4 

7 703 

Earthwork 

9G 289 

1077 

97 3GG 

Plantations 

413 

52 

4 GO 

Miscellaneous, preliminary, and 

8 840 



maintenance - 

1901 

10743 

(x) Distributaries — 




Land ... 

4 11G 

3G8 

4 484 

Works 

13 233 

5339 

18 572 

Earthwork 

14 4G7 

4 0G2 

18 529 

Miscellaneous, preliminary, and 




maintenance ... 

2 G39 


3414 

( 4 ) Drainage and Protects', e Worts - 




Land 

GOO 

31 

094 

Works 

2 329 

707 

3 09G 

Earthwork 

2 G3G 

2 

2921 

Miscellaneous and preliminarj 

439 

50 

509 

Total on Works since 1863-64 . 

400717 

44 553 

445 2G9 

„ „ to end of 1 S 63-64 

192 412 

- 

192 412 

Total on Works . 

393 129 

41551 

037 0 s 1 

,, on Establishment, from beginning 

170 922 

11 195 

l c 2 117 

,, on Tools and Plant 

I0CI9 

3.17 

109-0 

,, Su*pense Account... 

11391 

(-1091, 

9098 

Grand Total . 

786 0^1 

51391 

8104=2 
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The Dart Doctb Canal, from the Ravi in the Panjab, is the 
fourth of the large perennial canals of Northern India. It was 
commenced i.i 1850, with an original estimate of .£530 000 , and 
the greater portion of the main canal and works were finished 
in 1869 ; as no account of the detail of progress is forthcoming, 
It will be best to describe the project as contemplated. 

The canal is taken off from the left bank of the Ravi near 
Madhopur, and after a length of 28 miles throws out the Kasur 
branch at Tibari : at the 7th mile of the Kasur branch, the Su- 
braon branch takes off ; these two branches will be 90 and 67 
miles long respectively, the former tailing into the -Kasur nallah 
at Aljowan, the latter into the Tatti nallah at Subraon. The 
portion of the main canal from the head of the Kasur branch to 
that of the Lahor branch, which is situated in the 52nd mile near 
Alhval, is designated the Upper main branch, and is 24 miles 
long. The remaining portion of the canal, from the head of the 
Lahor branch to the Vahn escape, into which the canal tails, is 
called the Lower main branch, and is 88 miles Jong; this passes 
the town of Amritsar, and discharges itself through the Vahn 
escape into the Ravi. The Lahor branch from Aliwal passes 
Lahor, and tails into the Ravi at Nizabeg, 9 miles below Lahor: 
its length is 59^ miles. 

The section of each branch is as follows : — 



Breadth at head. 

Breadth at tail. 

Depths. 


Bed. 

Mean. 

Bed. 

Mean. 

I Ugliest. 

Lowest 

Mainline 

1 1 2 

120 

1 1 2 

1 30 

4-9 

2*5 

Upper main branch 

.. S 4 

92 

80 

SS 

5-6 

2-S 

Lower main branch 

. 70 

77 

56 

63 

4-6 

2‘3 

Lahor branch. . 

• 5 ° 

55 

38 

43 

3 '3 

i-6 

Upper Kasur branch 

. 60 

66 

60 

66 

4-0 

2-0 

Lower Kasur branch 

46 

5 1 

20 

25 

3 ’° 

' 5 

Subraon branch 

■ 5 ° 

55 

20 

2 5 

3 ‘3 

i-6 


The highest depths given are those with the full supply of 
3000 cubic feet per second, the lowest, those with the lowest 
recorded supply of 1 000: the mean width is that of the wetted 
section at full supply. 

The mean velocity, with a full supply depth of 4 '9 feet, is 5*3 
feet per second, and that with an average depth of 4*2 feet at the 
canal head is 4 feet per second. 
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The canal is capable of irrigating 654000 acres with full 
supply at a duty of 218 acres per cubic foot per second 
The distributaries and escapes are as follows : — 


From 

Number of 
distributaries. 

Total 

length. 

Escapes. 

U» c ,h 

Main line 

15 

Miles. 

93 

Mahkpur 

Miles 

7 

Upper main branch 

IO 

75 

Gulpur 

9 

Lower main branch 

. ' 16 

256 

Sirkian 

. 6 

Lahor branch ... 

23 

291 

Aliwal 

..." 11 

Kasur branch ... 
Subraon branch 

| Not yet determined 

j Vahn 
\ Ntzabeg . 

.. 16 
.. li 


In the neighbourhood of Pathankot, there are two hill torrents, 
the Jennali and the Chakki, which with their branches cross the 
line of the canal, and had to be diverted. 

In 1856 it was found that the cost of the canal would not be 
less than £1 350 000, and work was therefore concentrated on 
the first 55 miles down to the Lahor branch. In 1859 water 
was admitted, and it was then found that, as in the case of 
the Ganges canal, the declivity of bed allowed was too great, 
the consequence being extensive channelling out in the sandy 
tracts and deep holes below the falls; it was also disco\crcd that 
the minimum supply of the Ravi, calculated to be 2 753, was 
actually only 1414 cubic feet per second, or less than the works 
were designed to carry. 

In i860, a native canal, the Hasli, yielding £ 84 985 by direct 
returns, and £8G387 by enhanced land-tax, was incorporated 
in the account of the Bari Doab Canal, which then yielded 
nothing. 

In 1870, or eleven years after the above-mentioned discover)*, 
the remodelling of the canal was commenced, and the Kasur and 
Subraon branches proceeded with, but as an additional supply 
from the Bcas involved fresh works, the estimate of the canal 
and branches rose to £2 000 000. Progress in the remodelling 
was going on in 1872-73, and the head works at Madhopur were 
nearly completed. In 1S72 the aggregate length of main canal 
completed was 212 out of 247 miles, and of distributaries, 
692 miles. In spite, therefore, of everything to the contrary, 
the irrigation from this canal in 1S72 bro ug ht ■ a gross return 
of £81 870, or a net return of .£50216, 4 per cent 
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The acreage of the principal irrigated crops grown during four 
years was as follows : — 



1864-55. 

1865-66. 

1866-67. 

1867-68 

Sugar-cane, annual . . . 

9878 

9 181 

9 156 

10 600 

®- lce *• 1 Kharif | 

29 2 T 2 

S 3 564 

57 615 

63 661 

Cotton . .l Knan M 

3 881 

5 2 36 

12 511 

21 IOI 

Cereals, Rabbi 

97 722 

59827 

108 707 

122 720 


The estimated value of the irrigated crops grown is as follows, 
for several years : — In 1860-61, £25G 02-1 ; in 1861-62, £307 238 ; 
in 1862-63, £192 G68; in 1863-64, £241 9G9 ; and in 1872-73, 
£913 706. 

Mileage of canal, from i860 to 1873 : main canal, 140 miles ; 
branches, 59 miles. Full irrigating capability, 654000 acres. 

Details of the development of the works between 1872 and 1882 
are not available in the official records. 

It appears that the length of canal, main and branch together, 
was 211 miles in 1878-79, and from 1879-80 to 1882-83 it was 
354 miles , proving a large increase in 1879-80. 


The principal crops grown are : 



1873-79 

1879-80 

1880-81 

1881-82 

1882-83 

Sugar Cane 

8746 

IO718 

12 397 

12 707 

12 245 

Rice 

38719 

42772 

44 594 

3=532 

39 783 

Cotton 

2 3°3 6 

2 5 9 r 3 

2 33i4 

28772 

29353 

Wheat 

171 936 

197865 

219838 

178743 

i5 6o 54 


The estimated value of produce grown in 1882-S3 was 
£953 46G, Details of the irrigation and the revenue from this 
canal are given in the tabular statistics. 


Bari Doab Canal — Abstract of Financial Statistics. 


Year. 

Capital 

Outlay. 

Charges. 

Direct 

Income. 

Total 

Income. 

Net 

Income 


£ 

£ 

£ 

£ 

£ 


957 441 

14 797 

22 687 



1861-62 

— 

17 992 

30 693 





— 

27523 

32 316 

— 




1129911 

30 691 

35 12G 

. 

_ 


1 140 822 

39813 

49 066 

. 



1865-66 

1 151 381 

35506 

46 759 

54 CIS 

_ 

1866-67 

— 

31 710 

58 475 

66 328 

— 

1867-68 

~ 




2G911 
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The Bari Doab Canal. — Statistics of Irrigation 


Year. I Supply 
admitted 

1 

Supply 

utilised 

Acreage Irrigated. 

■&_§ 

C 

Rainfall, 

Khauf. 

Rabbi. 

Total 

C ft.p.s. 

C.ft p s 




Miles 

Feet. 

1861-62 I 38; 

— 

— 

— 

>34 362 

— 

— 

1862-63 I 450 

— 

59 476 

66 540 

126 016 

409 

— 

1863-64 1343 

* 193 

64 195 

70 167 

>34 362 

554 

— 

1864-65 1 228 

— 

66370 

126313 

192683,581 

— 

1865-66 I 431 

— 

91 378 

84 602 

>75 980 

623 

— 

1866-67 1 68S 

— 

92 699 

>35 753 

228 452 

671 

— 

1867-68 I 532 

— 

106 043 

156 08:; 

262 128 

696 — 

1868-69 I 899 

x 649 

85 5*9 

3>S 

299834 

706 

o‘4 to 27 

1869-70 i 948 

> 57S 

>>5 5 2 4 

II84O3 

233 927 

7>° 

i*6 to 2*8 

1S7O-7I 2 201 

2 069 

88 643 

190 567 

279210 

710 

07 to 4-0 

1871-72 2 073 

■ 950 

76412 

210 65S 

287 079 

712 

0*8 tO q\l 

1872-73 I 838 

1 

r 208 

96 718 

>3 2 0 78 

228 796 

716 

1-6 to 4-4 


The area of double cropped land from 1870 to 1873 was 8 per cent, 
of the whole acreage. 


Statement of Water utilised on the Bari Doab Canal in 1872-73 




IIS 




n 



liiaUd 




Khartf. 

Cub ft 

Cub ft. 

Cub ft 


Cub ft 

Cub, ft. 

Cub. fi. 

per sec. 

per sec 

per sec. 

,s„. 

per sec. 


per sec. 







April . . 

2 19S 

1 060 

I 13S 

October .. 

2 202 

9S9 

> 2IJ 

May 

2 20S 

1 046 

1 162 

November 

2095 

9>5 

1 1S0 

June 

2 146 

5°4 

I 642 

December 

I 640 

47> 

l 169 




1873. 



July 

1 776 

85 0 

926 

January ... 

7S2 

217 

5«5 

August . 


76$ 

I 02S 

February ... 

SSo 

49 

S3» 

September 

t 986 

56t 

.4.-5 

March 

2 342 

>2f 

» .-ij 

At crage 

2 OlS 

79S 


Average 

1 657 

461 

1 196 





Average 1 
of jear | 

1 S3S 

6*5 

1 »S 
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The Bari Doah Canal. — Revenue Account in rounds Sterling ( Based on • Assessments ). 
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H 319 129 iq anothet account. + The revenue 1878*83 is variously guen. 
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The Bari Doab Canal. — Capital Account to the end 0 / 1872-3. 


DetaiL 

Previous. 

In 1872-73 

Total. 

Works. 

£ 

£ 

£ 

B. Cost of Land 

7 335 


7 333 

C. Masonry works. — 1. Main Canal 
and branches — 

a. Dams and Regulating works ... 

75 7 98 

155 

7 5 949 

b. Falls and Weirs . 

137 242 

6 (575 

143 917 

c . Aqueducts . 

17 883 

— 

17 883 

d. Escapes . 

15 474 

— 

15 474 

3. Drainage works... 

2 47 £ 

— 

2473 

5. Road bridges . . 

103 601 

94 

103 694 

6. Navigation works 

18 949 

— 

18 949 

7. Mills 

1267 

— 

1267 

8. Buildings 

22 014 

536 

22 550 

I) Earthwork — 

1. Main Canal and branches 

432 709 

3 893 

436 601 

3. Drainage works . 

7101 

— 

7101 

5 Navigation Channels 

8193 

— 

8193 

E Miscellaneous 

65 736 

46 

65 782 

F. Plantations 

5 507 


5507 

Total Main Canal and branches 

921 276 

11398 

932674 

Distributing Channels. 

T5. Cost of Land • 

3 567 



3 567 

C. Masonry works. — a. Head sluices 
and Regulating works 

5 343 

113 

5 456 

b. Falls and Weirs... 

11194 

— 

11194 

c. Aqueducts 

14 032 

— 

14 032 

d Irrigation outlets 

6113 

815 

6 928 

D. Earthwork ... 

73967 

243 

74210 

Total on Works . 

1 035 492 

12 569 

1 048 061 

Establishment, General. 
Direction . 


1761 


Executive . 

;. — » 

11354 

— 

Medical . . 

— 

51 

— 

Total Establishment . . 

202 715 

13 166 

215 831 

Tools and Plant ... 

46 853 

70 

40 923 

Profit and Loss 

4 477 

. — 

4 477 

Fluctuations of Suspense Balance 

29 592 

23 

29 615 

Total Capital Outlay ... 

1 319 129 

25823 

344 957 
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The Bari Doab Canal. — Capital Account in 1883 . 


Detail. 

Previous j 

In 

1882 -S 3 . 

Total. 

( 1 ) Headworks — Works and Buildings 

£ 

75 915, 

£ 

£ 

75 915 

( 2 ) Canal and Branches — 




Land 

12 013 

— | 

12 013 

Regulators 

33 404 

— 

33 404 

Falls and Weirs . 

150 389 

514 

150 904 

River atid Torrent works 

54 0001 


54 000 

Other Cross drainage 

117601 


11780 

Bridges ... 

1 81 944 

1 — 

81914 

Escapes 

G3 873 

! — 

G3 873 

Navigation works . 1 

1 47 859 

— 

47 859 

Mills and Buildings 

i 3? 187 

(- 200 ) 

30937 

Earthwork 

1 3G2 9S9 

— 

302 9S9 

Plantations 

0 018 

117 

COCO 

Preliminary, roisc and maintenance 

43 153 

■ — 

43153 

( 3 ) Distributaries — 




Land 

, 5 215 

133 

5 053 

Works 

| Gl 097 


Cl 097 

Earthwork 

1 80 11G 

- 

85410 

Preliminary, mi>c andnuintenance 

10177 

| 107 

15 584 

Special channels 

11 193 


11 1V3 

( 4 ) Drainage and Protectne Worts— 




] jnd and Works 

2 G91 

— j 

2 091 

Earthwork ... 

1 8 351 

; 1 

8 351 

Total— on Works 

1 173 192 

; 122 c 

1 174 418 

„ on Establishment 

2G38GG 

( 135 

20 1002 

„ on Tools and Flint ■ 

4SOIO 


4S015 

„ Suspense Account ... 

| 10 319 

j (-3 907) 

0413 

Grind Total 

1 1490 422 ' 

(-2 515) 

1492877 
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The Sarhind Canal, from the Satlaj in the Panjab, is a 
perennial canal now under construction. It was originally 
projected by Sir William Baker, in 1840, the detailed project 
was forwarded by Colonel Crofton, in 1 862, and estimates for 
the works to the value of £2 980 427 were sanctioned early in 1872. 

The headvvorks are at Rupar, a town at the foot of the hills. 
At the 38th mile (these are canal miles of 5 000 feel) the main 
canal crosses the Grand Trunk Road, and the railway from 
Ludhiana to Ambala At the 41st mile the main canal ends, and 
the feeder line and the combined British branches take off. The 
length of the combined British branches is to be 3 miles, after 
which they will divide into the Ubohar branch, 125 miles long, 
and the Bhatinda branch, 100 miles long ; the former of these 
will be navigable up to its 51st mile, whence the Satlaj naviga- 
tion channel will take off, and after a course of 45 miles tail into 
the Satlaj The feeder line, which is a continuation of the main 
line, will be divided into three sections by the heads of the 
Kotla, Gaggar, and Choa branches of the canal, belonging to 
native states, which take off the right side of the line ; the lengths 
of the three sections of the feeder line being 14, 16, and 9 miles 
respectively, while that of the three branches are to be 90, 56, 
and 25 miles. The end of the feeder line is to be the point of 
junction of the heads of the Choa branch and the Patiala 
navigation branch The latter will be 6 miles long, and will tail 
into the Patiala nallah near Patiala. The Choa branch will for 
the present tail into the Gaggar river, although it was proposed 
to connect it with the Western Jamna Canal by a navigation cut 
55 miles long, joining it at Indri. 

This canal being partly for the benefit of native territory, onc- 
third of its cost will be borne by three native states. 

Up to the end of 1870-71, the capital account amounted to 
£185 CG7, of which half was expended in works ; to the end of 
1871-72, £415 18G, of which £276 260, was on works; to the 
end of 1 872-73, £601 315, of which £425 078 was expended in 
works, independently of establishment ; of the latter sum, 
£240 613 was expended on about 200 million cubic feet of earth- 
work, and £107 010 on head and regulating works. 

This canal vs Ith its branches will be 554 miles long, and will 
irrigate 783 000 acres in a most neglected tract of country. 

The Sarhind Canal was formally opened on November 24 » 
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1882 ; a small amount of irrigation was effected in that year; 
the distributaries and unfinished branches were also in progress 
of construction. 

Native states contributed £1 OIL 731 to the expense of this 
w ork. 


The Sarhind Canal. — Capital Account in 1S83. 


Detail. 

Trevious. 

In 

iSSz-lSSj 

) Total. 

(1) Hcadworks — 

£ 

£ 

£ 

I .and and Works 

83 390 

4 033 

87 423 

Buildings 

10 470 

253 

1 10 723 

Miscellaneous and Maintenance 

3 428 

7G2G 

1 11 051 

(2) Canals and Branches — 




Land 

G3 292 

1371 

| G4GG1 

Regulators 

59 025 

3 7G5 

! G2 789 

Falls and Weirs . . 

82830, 

23 297 

9G 133 

Cross-drainage works 

230 355 

(-3 797) 

226 5G1 

Bridges . . 

75 552 

4 430 

79 9S9 

Escapes 

15 753 

2 9GG 1 

18 719 

Navigation works 

192 110 

8417 

200 527 

Buildings 1 

35 915 

2917 

33 831 

Earthwork 

G78 003 

GO 03G 

733 0S9 

Plantations 

2 823 

1 257 

4 0S0 

Preliminary, misc and maintenance 

31 025 

8 913 ^ 

39 973 

(3) Distributaries — 




Preliminary 

j 1 877 1 

529 ' 

2 40G 

Land 

221 

41 

2G5 

Works 

11019 

13 144 

21 193 

Earthwork 


10 391 

10 391 

(4) Drainage and Protective II oris — 




I -and 

G 591 

1 4G1 

8 052 

Earthwork 

81707 

10GG1 

95 371 

Preliminary and Maintenance 

, 309' 

2I5G 

2 4G5 

Total — on Works 

1 003 TOO 

153 974 

1 822 701 

„ on Establishment 

553 GDI 

33 5S) 

592 271 

,, on Tools and Plant 

3r.2 53G 

G 400 

3G3 INC 

„ Suspense Accounts 

43 335 

3 C37 1 

52023 

Grand Total . 

2G33392 

1 202 591 . 

2 8359-2 
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Inundation Canals of the Punjab. 

Lotvjr Satlaj and Clienab Canals . — The canals from the Lower 
Satlaj are 19 in number, and have an aggregate length of 4*8 
miles ; those from the Chenab are 1 3 in number, and have an 
aggregate length of 222 miles ; the whole of these, excepting 
19 miles, were constructed and in working order at the time of the 
British annexation , the breadth of these canals varies from 5 
36 feet and their depth of water from 3 to n feet ; they have no 
distributaries, irrigation being supplied direct from them by 
means of private water-courses 

The day’s labour of silt clearance performed by cliers (labourers) 
is estimated at 90 to 130 cubic feet daily, with a lift of 10 to 
18 feet, and a lead of 40 to 100 feet. The clearing begins in the 
middle of December, and is completely finished in April, but on 
some lands not until the middle of May Water is admitted 
into the canals when they are cleared, and ceases to flow at the 
end of September, or the beginning of October ; but in some 
channels it flows until the middle of November. 

Sometimes the river docs not attain its ordinary high level, 
and this may cause the ruin of the irrigated indigo crops. If the 
river rises late, less cotton crop is sown, and when it subsides 
early less wheat crop is grown. The effects on the Upper 
Satlaj Canals arc nearly the same. 


leaver Satlaj and Chenab Canals. — Irrigation and Pei'ertue. 






1 

Gross 

Total 

Income. 




of chert 

Clear- j 

Working 1 Capital 

Annual 

lion. 

(labour- 

ers) 

once anil 
Repairs j 

Expenses Account. 

Rainfall 


Acres | 


£ | 

1 

£ £ 

£ 

Feet. 



— 




— 

lS 6 y .70 


] 

[ — 10083 ■ 


o‘ 5 i to r' 2 5 

1870-7 1 

202 036.451 078 

•22975 

18 819 1129S ! 

3G756 

O’lJ to 0 61 

1871-72 

1 S 8 465 

| _ 1 

— 

11411 118SG 

[31951 1 

— 

> 87=- 73 

242 5°4' 


— 

1G3G2 10 520 

31272 

— 

‘87.V-74 


! — 



16399 |l0471 
15G27 |1075G 

33477 



>S74'75 

r 73 0S8 

— 1 

— 

32 092 

— 

1875-76 

277 883 ' 

— 

— 

1GSG9 10 791 

33470 

— - 

1876-77 

285 645 

— 

— 

15564 107G4 

32G7G 

— 

1877-78 

284 680 

— 

— 

1G9G2 '10803 

32059 

— 
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Lower Satlaj and Chenab Canals — continued. 


Year. 

tion. 

Number Co«tof| 
of there Clear- 1 Working 
(labour- ance and Expenses 
ers) 1 Repali*. ( 

Capital 

Account. 

Cross 1 
Total ■ 
Income j 

Annual 

Rainfall 


Acres. 

1 1 £ 

£ 

£ 

£ 

Feet. 

1878-79 

33» 6 39 

487518, — 


10955 

— 

o'47 to 0-89 

1879-80 

268 040 

461092: — 

21 510 

11022 

40278 

o‘i3 to o‘46 

1 880-8 r 



— 

— 

— 

o'2 1 to C54 

1881-82 


I418 266 — 

35127 

11010 

39 SCO 

0'i6 to 0*67 

1882-83 

36297s 

I452 005I — , 

41C72 

11055 

61 934 

0 35 to 0 93 


47 miles. 


The Upper Satlaj Canals arc four in number : — 

Canal. Length Breadth. Depth. Distributaries 

The Kbanvrah .. 81 miles 60 feci 6 feet 

The Upper Sohag .. 57 „ 40 „ 4 » 

The Katora ... . 66 „ 33 J >, 3 5 •> 

The Lower Sohag ... 20 „ 20 „ 3 „ 

The first was constructed, for a length of 63 miles, during the 
reign of Akbar: it was reopened in 1843, and extended by the 
British Government for 18 miles from Dewalpur southward , 25 
miles of distributaries were also constructed at that time The 
second was constructed by the British Government, and opened 
in 1S55; it has two distributaries belonging to the Government, 
12 miles in aggregate length, and two to landholders of 1 6 miles, 
or 28 miles in all , a new head was completed in 1871 to serve 
as an alternative entrance to this canal, for occasions when the 
river sets in on the old head. The Katora was constructed by 
the British Government, and opened in 1S70 The I«owcr 
Sohag was constructed by a landowner shortly after the British 
annexation. There is also another canal, called the Nikki, about 
which particulars arc wanting. 


The following arc later data about these canals — 


Months 

DiJchargtng 

Walrr 

M i'o cl 

Canal. Length. open 

annual]) 

ef ps. 

wheels 

Liune* 

The Khan wah 70 miles 7 

$00 


JS 

The Upper Sohag 77 „ 5 

35° 

13 1 * 

1 2 

The Katora 06 „ 4 

230 

160 


The IjOwct Sohag ?o ,. 4 

. 105 

60 


Under ordinary conditions of average rainfall, and an average 
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period of supply of six months, the irrigation duty effected is 
about 80 acres per cubic foot per second of supply. 

The land irrigated is mostly in the Lahor district. The value 
of the irrigated crops of the year 1869-70 was estimated at 
/157 926. 


Upper Satlaj Canals. — Irrigation and Revenue. 


Year. 

‘Sf 

K umber 
of chert 
(labour- 
ers). 

Cost of 
Clear- 
ance and 
Repairs 

Working 

Expenses 

Capital 

Account 

Cress 

Total 

Income 

Annual 

Rainfall 


Acres. 


£ 

£ 

£ 

£ 

Teet. 

1 S 6 S -69 

78063 

— 


— 

1 

— 

0*83 

1869-70 


— 

— ■ 

8 483 

51 030? 

— 

°‘93 



— 

8288 

| 10422 56 451 

5 619 

°35 



— 1 

— 

15 255I5G454? 

G 383! 


1 S 7 S -73 | 

>35 349 

1 1 


12 496 44 292 [ 

9 498 






11703 44 271 

14 493 






— 

11 0G4 49 132 

10 959 

— 



— 

— 

11 307 J 

51 599 I 

9010 

— 





— 

7 8365G7G7 

8 739 

— 

1 S 77-78 

St 18 s 1 

- 

— 

G 551 56813 

10721 

— 







103G35G882 

188SS 1 

d - 44 to 1-26 

1879-80 


— 

— 

119295G 859 

lSaOtf o'oy to 1 ’24 



— 

— 

9 04357 850 

12933. 

a’45 to 1*02 

1881-82 




— 

90S057 810 

22033': 

fi 6 to 1 38 

18 S 2 -S 3 

129 802 

— 

— 

14277 57 815 

14359 



The Indus Canals arc 13 in number, and have an aggregate 
length of 577 miles, varying from 9 to 97 miles in length ; they 
arc all drawn from the right bank of the Indus in the Dera- 
Ghazi Khan district, at the south-western comer of the Panjab 
frontier : their breadth varies from 1 1 to Co feet, and their depth 
of water from 3 to 65 feet ; they have branches, but none of 
them have separate distributary channels. They were all, except 
one of 67 miles, the Dhundi, running at the date of British 
annexation ; but branches to the aggregate length of 32 miles 
have been added since, half the expense being borne by the 
British Government, and half by the proprietors of the estates 
benefited. In addition to the above, two canals, the Fazthvah 
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and the Masmvali, have been constructed and maintained by 
private enterprise. 

The Shorea is fed from the Manka, and the Dhundi from the 
Nur The Samundri and the Dhingana have only one head in 
the river, and are hence treated as one canal. 

In 1879, the Nur and Dhundi Canals were purchased for 
;£ 11 134 , and annexed to the rest under official control. 

These canals were, in 1870, thirteen in number. 




1. The Manlca 

2. Kot Daud 

3. Shorea ... 

4. Kasturi 

5. Samundri and Dhingana .. 

6. Chibri 

7. Sahiba ... 

8 . Gamumvala 

9. Nur 
10. Sohan 
ix. Dhundi 

12. Kutab 

13. Kadra 


inMdes 

Discharge in cub. 

Number 
of Villages 
Irrigated. 

97 

800 

>9 

9 

79 

10 

46 

263 

43 

*3 

271 

23 

75 

620 

S« 

28 

217 

20 

48 

280 

46 

14 

150 

5 

24 ! 

241 

16 

60 

446 

6 

f>7 

324 

*9 

4i 

1S2 

>4 

6° ! 

234 

37 

592 

4 107 | 

309 


In addition to the canals there 1* a number of embankments, 
of an aggregate length of 38 nnlcs, in the neighbourhood of Dcra- 
Ghazi Khan, that were constructed in 1S54 and 1S63 for the 
purpose of shutting out overflows in the rainy season, which 
used annually to devastate large tracts of country, and neces- 
sitate remissions of Government land-revenue. 

The Dams, or embankments arc . — 

j. The Great Inundation Dam. 4. IUhar Shah. 

2. Kaim Ki Basti 5 ritaffi. 

3. Kuhwala. 6. Shxh Jamil. 

The whole of the Indus CamU were much damaged in tS7S, 
causing much loss in the two years following. 



320 


INDIA. 


Indus Canals {Panjab). — Irrigation and Revenue, 


Year. 

Irrigation. 

Cost 

of Clear- 
ance and 
Repairs. 

Working 

Expenses. 

Capital 
. Account. 

Gross 
Total In- 
come. 

Annual 

Rainfall. 

1868-69 

Acres. 

£ 

~Z~ 

,6 


Feet. 

107 160 

8 549 




0-05 to 075 

1869-70 

129 177 

6 399 

12 543 

36 725 

— 

0-33 to 0-90 

1870-71 

*74 342 

7 073 | 

11854 

38 514 

16 680 

o‘i2 to 0*54 

1871-72 

*44 334 


15 783 

42 057 

13 962 


1872-73 

1S0 137 

- I 

| 18 046 

43 736 

15 960 


1873-74 

163 020 

4 663 

15 806 I 

43 761 

22 023 I 


1874-75 

, 171 822 

, 5 473 

19174 [ 

46 863 

12 743 

— 

1875-76 

144 960 

5 044 

19 001 

57 521 

22141 

— 

1876-77 

166 574 

4 968 

21 396 

61 065 

18 490 

o'ii to o'6i 

1877-7S 

■75 960 

5 420 

25 337 

57 748 

18 389 

o’i9 to o’5S 

1878-79 

208 88S 

5 750 



53 09G 



0 40 to 1 07 

1879-80 

i44 337 

5 274 

30387 

69 192 

18G70 

0 04 to 0-33 

iS8o~8r 

164 3S5 

— 

— 

— 

— 

o' 14 to 0 4 6 

1881-82 

190 802 


18 602 

70 782 

21 £68 

o’i6 to 0-59 

1882-83 

190 620 

— 

22 501 

70 809 

22 252 

0 42 to 1 ‘04 


Note , — The cost of clearance is included in the working expenses. 


The J/tc/atn Canals *— There are lS inundation canals from 
this river in the Shah pur district ; they were purchased from 
local funds in 1870 The dimensions of two of them arc as 
follow • — 

Length. Mean breadth. At erage depth. 

Shaltpur Canal , 17 miles iS feet 6 feet. 

Sahiwal Canal . 19 „ to » 4'5 »» 

The returns from these arc obtained by a rate of j£l'G 
annually on each water-wheel (jhallar), which irrigates about 
5 acres ; also by taking and selling one-fourth the produce 
grown on irrigated private lands, or one-half of that grown 
on Government waste land leased to cultivators. 

Until iSSt the management of these three canals remained in 
the hands of the magisterial tax collectors. 
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Jhelam Canals ( Shahpur and Sahlwal only) until 1877-78. 


Year. 

! Irrigation 

Cost of 
Clearance 

Repairs. 

Working 

Expenses. 

Capital 

Account. 

Gross Total 
Income 

Annual 

Rainfall. 


Acres 

1 £ 

£ 

£ 

£ 

Feet. 

1868-69 

— 





— 

1869-70 

— 

— 

— 

— 



— 

1870-71 

2 460 

— 

<114 

2 060 

501 

1 — 

1871-73 


— 

418 

2122 

483 

— 

1872-73 

4 445 

— 

434 

2 122 

G98 

V— 

1873 -74 

4 080 



419 

2122 

534 



1874-75 

635s 

— 

3G9 

2122 , 

790 

— 

1875-76 

4041 


621 

2122 

G25 

— 

1S76-77 


1 — 

578 

2231 . 

1 742 . 

— 

I877-78 ' 

558s 


GOO 

3 753 

1193 

1 — 

1S78-70 

9 lS 9 




4010 \ 

1551 1 

_ 

1879-80 


— | 

92G 

4 016 

1009 j 

— 

l880-8l 



— 

4 074 

1814 1 

— 

188I-S2 



9GG j 

4 074 

2 180 


I882-83 

12 632 


953 1 

4071 

2G31 ■ 

— 


Norp.— -Irrigation from the Macnabb Canal commenced in 1S7S-79 


The Inundation Canals of the Punjab. 
Capital Account to end of iSSi-Sj 


I, Loner SjtJn; anil Cbcnab inundation canals 
(complete) — 

Main canal and branches 


jr 

9G10 

3. Upper Satlaj inundation canals (complete) — 
Main canal and brandies 

Distributaries 

£ 

31 GOO 1 
9633i 

41521 

3 . Indus inundation canals (complete) — 

Main canal and brandies 

Drainage and protec tire works 

31 BOG > 
31 4G9f 

CG3C5 

4 . Shahpur Canal from the jhelam since JS 70 — 
Main canal and brandies (complete)— 

V 


3 TGI 
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Panjab Inundation Canals. — Revenue and Irrigation in 1872-73. 

Capital Returns of 1872-73 Acreage irrigated in *872 73. 

Outlay up Wording 

to end of Direct Indirect. Expenses Khanf. Rabbi. Total, 

• 1872-73. 

£ £ £ £ 

I fnd C ChS} 10620 12938 21330 10302 ‘49 143 93 3Gi 242 S 0 + 

UpperSatlaj ... 44202 6 459 2 791 15G2L 74914 60446 135360 

Indus 43736 ? 8094 18 04G 132818 47319 180 137 

(average) ... — 2 700 — — — — — 

Jhelam ... 2 122 710 - 434 unknown 4445 10513 

Of the acreage irrigated by the Lower Satlaj and Chenab 
Canals, 20 per cent was lift irrigation The mean discharge of 
the Upper Satlaj Canals was 1 742, and that of the Indus Canals 
was 4107 cubic feet per second in 1872. The Jhelam Canals 
were under the management of the collectors 
The returns from 1872 to 1882 are before given in detail 

Minor Canals of the Panjab. 

List of Minor Canals in Progress (, commenced ) in 1882-83. 

1. Chenab Canal. 

2. I .ower Sohag and Tara. 

3. Sidhnai Canal. 

4. Swat River Canal. 

The Canals of Bhaumlpur. — According to the account of Mr. 
Minchin in 186S, the canals are all inundation channels irrigating 
from April to September. 

The total acreage under irrigation in 1868 was — by canals, 
343 702 acres, besides 2C0 377 acres irrigated by direct flood, 
and 107 930 acres irrigated from 9 708 wells and 1 549 jhallars. 
There were 92 canals, mostly 13 feet wide by 6 feet deep ; having 
a combined length of ?<ji miles and supplying 2090 villages. 
In the Kharif the crops chiefly grown are rice and jowar ; in the 
Rabbi, wheat, barley, atid grain. 

The names of the chief canals arc the Husen Wah, Khan 
Wall, Diwan Wah, and Sirdar Wah. 

In 18(17 a new entrance was cut from the river to the Khan 
Wah, 6 miles long, 100 feet wide, and 9 feet deep, effected in 
six weeks by Murad Shah. An old river bed in Kardaree, by 
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The Swat Canal . — The surveys for this project commenced in 
1871* _ The supply of water to be drawn from the Swat River 
is for the irrigation of wheat in the Yusufzai district of the 
Pcshawur valley, lying to the cast of the rivers Swat and 
Lundi. Details are not available. 


Canals in Sind. 

The Sakkar and Shahdadpur perennial canal, from the Indus 
in Sind, commenced in 1S61 with an estimate of £729S2, was 
opened in 1870 ; it is 63 miles long, will irrigate 140 OOO Sindian 
bigas of land, and Is expected to yield a revenue of ;£210 000. 


The Sind Inundation Canals arc of native origin, their names 
and lengths in 1872 are as follow : — 

Length in 

Miles. * 

06 3 branches.* 

2 branches} 
70 300 ft. wide) 
48 40 ft. nid/ 


West of the Indus 
The Sind 
The Ghar 
The Western Na'ra 
The Digari 


Head. 

2 1 miles below Sakkar 
23 miles below Sakkar 
27 miles below Sakkar 
unknown 


East of the Indus. 1 

The Eastern Niira, Rori, improved in 1859 Awes \ 

The Mitrau branch of the E. Na'ra (British), 190 miles, irrigates 157 ool 
The Thar branch of the E. Nara . . „ 38 ocy 

The Fuleli ... Natural branch of Indus irrigating Haidaraba<j\ 

It is very doubtful whether a large proportion of these canal, 
arc not improved natural channels ; there is very little information 
about the irrigation effected by them ; they will probably be 
made eventually to serve as distributaries to perennial canals, 
having their heads at Sakkar, at Jhirk, 2 miles below it, and 
at Kotri. 

Between 1872 and 1S82, these can C n improved and 

extended ; they now can irrigate abo. acres. There 

is no detailed information forthcomin progress of the 

works, and the development of the- tion. Probably 

most of the canals are no ercnnial. al condition as 

regards irrigation cficcte revenu is shown in th 

following statistics. t 
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The Swat Canal. — The surveys for this project commenced in 
1871. The supply of water to be drawn from the Swat River 
is for the irrigation of wheat in the Yusufzai district of the 
Peshawur valley, lying to the east of the rivers Swat and 
Lundi. * Details are not available. 


Canals in Sind 

The Sakkar and Shahdadpur perennial canal, from the Indus 
in Sind, commenced in 1861 with an estimate of £ 72982 , was 
opened in 1870; it is 63 miles long, will irrigate 140000 Sindian 
bigas of land, and is expected to yield a revenue of £ 210000 . 


The Sind Inundation Canals are of native origin, their names 
and lengths in 1872 are as follow : — 


West of the Indus. 
The Sind 
The Gha'r 
The Western Nara 
The Bigari 


Head 

2 1 miles below Sakkar 
23 miles below Sakkar 
27 miles below Sakkar 
unknown 


Length in 
Miles. 

66 3 branches ,< 

2 branches! 

. . 70 300 ft. wide} 

48 40 ft. wit} 


East of the Indus. 

The Eastern Nfira, Rori, improved in 1859 Acres 1 

The Mitrau branch of the E. Na'ra (British), 190 miles, irrigates 157 ool 
The Thar branch of the E. Nara ... „ 38 ot^ 

The Fuleli ... Natural branch of Indus irrigating HaidarabaoX 
It is very doubtful whether a large proportion of these canal.1* 
arc not improved natural channels ; there is very little information \ 
about the irrigation effected by them ; they will probably be I 
made eventually to serve as distributaries to perennial canals I 
having their heads at Sakkar, at Jhirk, 250 miles below it, and ! 
at Kotri, 1 

Between 1872 and 1S82, these canals have been improved and 
extended , they now can irrigate about two million acres. There 
is no detailed information forthcoming about the progress of the 
works, and the development of their construction. Probably 
most of the canals are now perennial. The actual condition as 
regards irrigation effected and revenue obtained is shown in the 
following statistics. 



876-77 »• • «*9« 273 | 418948 » 7*o mi I — | — — — 113 079 

#77-7 3 1 *<>93 9°« • *02165(1296065, 122798 1418863 26G400 274 0G2 113494 


ALS. 



Cana/s in Sind. — Irrigation and Strtnnt in Year 1882-83. 


INDIA. 





Revenue oj Irrigation Works in Sind for the Year iSS; 



324 711 I 82Q13 -10 559 -12 051 12 233 29820 
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Canals in Guzrdt . — The Hdthmathi Channel and the Khari 
Cut, are canals in the basin of the Sabarmatti and in the Ahmada- 
bad district under the Government of Bombay, although in North- 
Eastern India, north of the Vindhyan range. They are also near 
the smaller Ahmadnagar. The Hdthmathi Channel is 21 miles 
long, and commands 44744 acres, with a discharge of about 50 
cubic feet per second. The Khari Channel is 4 miles long, and 
commands 3 890 acres. The two streams of supply have the 
same names. The Hdthmathi and the Khari afford a very small 
amount of constant discharge, and are liable to high flood ; hence 
the need of storage reservoirs, which arc only now’ contemplated, 
though they should doubtless lia\e been treated as the principal 
part of the works. 

These so-called canals resemble the other canals of the Bom. 
bay Presidency in Southern India. Their petty size, as well 
as the conditions, show that they mostly arc mere channels fit 
for carrying supply from tanks ; but that the tanks were for- 
gotten in the first instance. Such works arc usually treated as 
simple storage works, not as canals. The abo\c being in 
Guzrdt arc exceptional by locality, the following figures show’ 
their statistics : — 


Statistics rf Irrigation and Rat nut from Canals in Guzrdt 


II VTIIMATH! 
Can u- 1 

Capital. 

Acres 



Resenoe. 

£gs. 

Rainfall. 

Assessment. 

Receipts 


C \ 



c 

~c , 

I eel. 

Before 1 S 75 


— 

— 

93 


— 

1 S 75-76 

— 

720 

IC7 f 

-CO 

1 333 


1 S 7 G -77 

— 

1 400 

319 1 

217 

1 

- 3 

1 S 77 - 7 S 

— 

1 ©43 

222 1 

351 

4CG | 

i *2 

1 S 7 S -79 

— 

I 902 

416 * 

211 

COO 

34 

1 S 79 -S 0 

— 

t 1 S 7 

33S j 

517 

I MW 1 

2 6 

1 SS 0 -S 1 

— 

1 534 

411 ] 

2CC 

| 651 

3 3 

1 SS 1 -S 2 

— 

2 52« 


301 

73.1 

3 0 

iSSs-Sj ; 

51 212 

1 95 s ■ 

563 | 

b20 

1093 1 

- J 

Kiiui Canal. 







Itcforc 1 SS 1 | 


— 

— 

— 

— 1 

— 

tSSt-Ss 

1 11 741 

*s 

C2 

10 


1 

iSSj-Sj 


37 s 

197 

CO 

| 

2-9 



Rtvtnuc of Irrigation Works in Sind for the J 
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Canals in Gusrdt . — The Hathmathi Channel and the Khari 
Cut, arc canals in the basin of the Sabarmatti and in the Ahmada- 
bad district under the Government of Bombay, although in North- 
Eastern India, north of the Vindhyan range. They are also near 
the smaller Ahmadnagar. The Hathmathi Channel is 21 miles 
long, and commands 44744 3 crcs, with a discharge of about $0 
cubic feet per second. The Khari Channel is 4 miles long, and 
commands 3 890 acres. The two streams of supply have the 
same names. The Hathmathi and the Khari afford a very small 
amount of constant discharge, and are liable to high flood ; hence 
the need of storage rcsenoirs, which arc only now contemplated, 
though they should doubtless have been treated as the principal 
part of the works. 

These so-called canals resemble the other canals of the Bom- 
bay Presidency in Southern India. Their petty size, as well 
as the conditions, show that they mostly arc mere channels fit 
for carrying supply from tanks ; but that the tanks were for- 
gotten in the first instance. Such works arc usually treated as 
simple storage works, not as canals. The above being in 
Guzrdt arc exceptional by locality ; the following figures show 
their statistics 


Statistics cf Irrigation and Revenue from Canals in Guzrdt 


Hathmathi 

Can 



Resenue. 

Wotting 

Expenses. 

Rainfall. 


Acres. 

Assessment. 

Receipts 


£ 


£ 

c 1 

£ 

Feet. 

before 1S75 

— 

— 


93 1 


— . 

1S75-76 

— 

720 

1C7 

-CO 

1 333 1 


1S76-77 


I 400 

310 

217 

loss I 


IS77-7S 


1 °43 


351 

! 4CG | 

1 2 

1S7S-79 


l 902 

418 

211 

1 COO 


tS79-So 


I 1S7 

33S 

517 

oca 

2-6 

1SS0-S1 


1 S34 

•141 

2 CC 

851 


iSSi-Sr 




SOI 

733 


iSSj-Sj 

13 

u 

» 9SS 

5S3 

820 

1003 

23 

Kitui Cakau. 

1 






Before 1SS1 






„ 



iSSi-Ss 

1 11741 

:s 

C2 

10 

18 


iSSj-Sj 


37s 

197 

CO 


-'9 
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The Eastern Jamna Canal. — Abstract of Older Statistics. 


0 fficial 
Year. 

Capital Outlay. 

Working 

Expenses 

Direct 

Indirec 
e Revenu 

Total 
1 Year]) 
Return 

Percentage of net 1 
Revenue of Camtal.l 

frrigitioa. 

Original 

Works. 

Estab- 
lishment 
& other 
charges 

Total to 
end of 
Year. 


£ 

£ 

£ 

£ 

£ 

£ 

£ 


Acres. 

1 S 23 to 
1830-31 

^31121 

12 726 

43800 







1830-31 

) 









to 

i ) 19 074 

4 907 

97 781 

97 522 

21454 





1846-47 

) 










1435 

143 

99 360 

6904 

12 503 

14 965 

_ 

L 



3 251 

325 

102 939 

7 042 

15 055 




1 106 705 

1849 - 5 ° 

3 4G0 

31G 

106 745 

8 016 

16 183 






301 

30 

107 079 

7 392 

15 914 





1851-52 

2 558 

256 

,109 693 

7 726 

13 079 






3 057 

300 

113 250 

8 279 

17 325 






6 315 

531 

119 102 

7 872 

14 993 





1854 - 55 ! 

1G37G 

1 G 88 

137 6G5 

9 565 

14 479 






12G91 

1637 

151 994 

8188 

9 688 






G 180 

G91 

167 865 

13 540 

12 997. 






1351 

223 

159 440 

7 691 

6 645 






2 2G0 

337 

1G2 036 

9255 

12 483 

— 

— 

— 

154006 

1859-60 

393 

81 

1G2 510 

10575 

20 924 

— 

_ 

— 

227 489 

1 S 60 - 61 ] 

973 

141 

1G3 624 

11 370 

28 941 




261 327 

1861-62 

G03 

: 3 071 

1G7 298 

11305 

22 873 







231310 

1862 - 63 I 

1 31G 

-300 

1G8 343 

8 518 

25 696 

3 800 i 

10 496 


1 S 4232 

1 S 61 - 64 ] 

| 1218 

1732 

171 283 

10 799 

23 217 

6 000 i 

39 217 


iSx 33 1 

1 SG 4 - 65 I 

3SGG 

432 

174 9S1 

12 518 

16 539 

6000 4 

12 539 

is 

J =5 =66 

1865-66 

2 876 

1 G12 

179 4G9 

130G1 

41 463 

6 000 4 

17 463 


160 355 

1866-67 

2 811 

2 2G9 

184 582 

12 247 

13131 

L7 269 ( 

>0 900 


239 555 

18 G 7-68 

4 930 

181G 

191 323 

14 203 

56 560 

L7 769 1 

r4 329 


182 544 

186 S -69 

4 901 

124G 

197 479 

15488 

50 624 

L7 769 ( 

>8 393 

28 j 

274 101 

1869-70 

2 779 

282 

200539 

16503 

35 728 

L7 769 { 

)3 497 

34 ; 

25 x 067 
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Eastern Jarnna Canal. — Sirff/y of } Fa ter and Irrigation . 


Year. 

Supply passing 
Kulsiah. 

U % 
w ^ 

Sj 
ui - c 

35 i 
& = 

Total 

Irrigation. 

1 

0’S 

*3 

a 

S 

ii 

(5 

I sj 

i 1 

1862-63 

C.ft.p s. 

1 043 

ft.p s. 

Acres. 

Acres. 

Acres. 

184 232 

Pr.ct 

Miles 

602 

Feci. 

1863-64 

932 

— 

7* **9 

1 10 202 

iSi 331 

— 

602 

— 

1864-65 

I 025 

— 

107 496 

117 770 

225 266 

— 

602 

— 

J865-66 

— 

— 

80 225 

80 130 

16° 355 

— 

596 

— 

1866-67 

1 06S 

— 

82 138 

*57 4*7 

239 555 

— 

506 

- 

1867-68 

' — 

— 

78 606 

"°3 938 

182 544 

— 

590 

— 

186S-69 

__ 

_ 

102 141 

17 I 960 

274 IO! 

- 

603 


1869-70 

l 020 

— 

l«9 163 

131 9O4 

251 067 

— 

606 

— 

1870-71 

951 

951 

9S 112 

114 603 

2« 2 715 

— 

606 

— 

1871-72 

yS2 

938 

72 404 

120 345 

192 749 

— 

606 

2 3 to 5*0 

■Sjj -73 

1 050 

99S 

79 699 

104 455 

IS4 154 

— 

625 

2 3 to 3 9 

1873-7-1 

— 

— 

70 47S 

97 57° 

1 6S 04S 

- 

— 

— 

»S74-75 

— 

— 

82 S13 

101 272 

1S4 0S5 

- 

625 

2-4 to 3 5 

1875-76 

— 

« 079 

S; 294 

10S 552 

195 S46 

— 

619 

*' 5 “> 3 1 

1S76-77 

970 

774 

84 13S 

i°4 397 

ISS 532 

S ’ : 

619 

2 0 to 3 9 

1S77-7S 

— 

989 

*03 632 

103 100 

206 732 

1 - 

61S 

— 

IS7S-79 

— 

1 006 

1 10 722 

tSl 22S 

291 150 

9 4 

61S 

- 

1S79-80 

— 

1 042 

9 s CJ2 

«42 201 

240 233 

ss 

61S 

- 

1S80-S1 

— 

l 019 

107 454 

t:S 40S 

•'35 S5-- 

5 4 

6jS 

— 

iSSi-Ss 

I 11S 

1 001 

104 19? 

150 6S9 

254 £50 

5 5 

61S 

1 9 to a 6 

iSSj-Sj 

l 04 f 

oyS 

»l* 4^3 

*42 030 

5 54 5*3 

f. S 

6»5 

r a to 3 5 



333 


INDIA. 


Eastern Jatnna Canal. — Remodelling Works. Outlay to end o; 

1882-83. 


Detail. 

I During 

1 1882-83 

Total. 

( 2 . Main Canal. 

£ 

£ 

B. band . 

— 

73 

D. Regulators . . . 

11 

225 

E. Falls and Weirs 

59 

4 702 

F. Torrent Works 

(— 563] 

(—503) 

G. Bridges 

279 

583 

H. Escapes 

1G2 

162 

I. Navigation 

— 

1 G53 

J. Mills 

— 

— 

K. Buddings ... 

(-is? 

(-157) 

L. Earthwork 

487 

3 558 


28 

10247 

{3.) Distributaries 

700 

4 892 

( 4 .) Drainage Works ... 

3188 

37 695 

Total on Works . 

3 92G 

52 734 

Total on Establishment 

820 

13G50 

Tools and Plant . . 

— 

1081 

Suspense Account 

43G 

3 733 

(Capital Account is ^272 194.) Net Outlay 

5182 

72098 


Kelt- —The new classification of expenditure was adopted for the first time in the 
North-West Provinces in the accounts of the year 1S7S-79. After that year the pro- 
gress reports take a diminished and altered form. 

The Ganges Canal \ commenced in 1848, and opened in 1845, 
is the third of the large perennial canals of Northern India 
made by the British. The earliest proposals lead trig to this work 
were that of Captain Debude in 1827, and the suggestions of 
Colonel John Colvin, before or about 1835, who recommended 
an offtake near Hardwar. The success following the opening of 
the East Jamna Canal in 1830, followed by the terrible famine of 
1837-38 and its train of calamity, induced the Government to 
send Major Cautlcy to examine and report on the Ilardsvar site 
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in 1839. IIis proposal to make 256 miles of main canal and 73 
miles of branches at an estimated cost of £2G0 000 was supported 
by the Court of Directors in 1841. A committee ordered to 
examine and report, recommended taking 6750 cubic feet per 
second in a single main canal from Hardivar by the Solani course 
to Khanpur to supply irrigation to the whole of the Ganges 
Jamna Duab ; which would yield ^148642 anually, apart from 
other receipts. 

The works began in 1842, but were soon stopped. A 
general survey of this Duab was made in 1843-44; but Lord 
Ellcnborough checked the whole by deciding on making it 
a purely navigable canal, directed to Allahabad. A mixed 
project was formed in 1845, and the works were abandoned 
on account of the Sikh war. In 1847 a committee recom- 
mended the resumption of the work as a purely irrigation- 
canal ; and this was vigorously started. In 1848 Colonel 
Cautlcy resumed the charge of the works ; some modifications 
in its alignment were made in 1850; and the canal was opened 
in April, 1854. It was very soon closed on account of the 
defective condition of the embankments near the Solani Aque- 
duct. After repairs, water was again admitted in November, 
1854 A second closure was needful, and the canal was newly 
opened in April, 185$. Irrigation from it commenced in the 
month following 

During 1855, the area irrigated was 54734 acres, besides a 
small supply to save crops from entire drought on iC/> 000 acres. 
At this time 450 miles of mam canal were open, the mileage 
of the distributaries open being 22$ at the beginning of the year, 
and 43G at the end of it , though as much as G33 miles were 
under construction. Most of the navigation then consisted in 
rafts of timber pissing along the upper reaches dow n to Mirath 
there was also some small boat traffic The canal falls were also 
Utilised for corn mills, and some revenue was obtained from 
the sale of grass and fuel grown 

In 187?, the canal resembled the Han Duab Canal, being 
merely half-developed, In contradistinction to the Ikvtcm and 
Western Jamna caniN, which lnd thtw irrigation fully de- 
veloped. 

The principal head of the Ganges canal is about rj miles 
above the sacred town of pslgnnsage. Ilsrduar, or IlarJiwar 
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Eastern Jamna Canal. — Remodelling Works. Outlay to end <y 
1882-83. 


Detail. 

During 

1882-83 

Total. 

(2. Main Canal. 

£ 

£ 

B. Land 

— 

73 

D. Regulators 

11 

225 

E. Falls and Weirs 

69 

4 702 

F. Torrent Works 

(- 563] 

(-563) 

G. Bridges ... . 

279 

588 

H. Escapes 

162 

163 

I. Navigation 

— 

1658 

J. Mills 

— 

— 

K. Buildings 

(-167; 

(-167) 

L. Earthwork 

487 

3 558 


28 

10247 

3.) Distributaries. 

709 

4 892 

4 ) Drainage Works 

3188 

37 595 

Total on Woiks 

3 92G 

52 734 

Total on Establishment . . 

820 

13 650 

Tools and Plant 

— 

19S1 

Suspense Account 

436 

3 733 

(Capital Account is ,£272 194.) Net Outlay 

5182 

72 098 


Note — The jiew classification of expenditure was adopted for the first time in the 
North-West Provinces in the accounts of the year 1S78-79 After that jear the pro- 
gress reports take a diminished and altered form. 

The Ganges Canal, commenced in 1848, and opened in 1845, 
is the third of the large perennial canals of Northern India 
made by the British. The earliest proposals leadirig to this work 
were that of Captain Debudc in 1827, and the suggestions of 
Colonel John Colvin, before or about 1835, who recommended 
an offtake near Hardwar, The success following the opening of 
the East Jamna Canal in 1830, followed by the terrible famine of 
1S37-3S and its train of calamity, induced the Government to 
send Major Cautlcy to examine and report on the Hardwar site 
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in 1839. His proposal to make 256 miles of main canal and 73 
miles of branches at an estimated cost of £200 000 was supported 
by the Court of Directors in 1841. A committee ordered to 
examine and report, recommended taking 6750 cubic feet per 
second in a single main canal from Hardwar by the Solani course 
to Khanpur to supply irrigation to the whole of the Ganges 
Jamna Duab ; which would yield £T148 642 anually, apart from 
other receipts. 

The works began in 1842, but were soon stopped. A 
general survey of this Duab was made in 1843-44; but Lord 
Ellcnborough checked the whole by deciding on making it 
a purely navigable canal, directed to Allahabad. A mixed 
project was formed in 1845, and the works were abandoned 
on account of the Sikh war. In 1847 a committee recom- 
mended the resumption of the work as a purely irrigation- 
canal ; and this was vigorously started. In 1848 Colonel 
Cautlcy resumed the charge of the works ; some modifications 
in its alignment were made in 1850; and the canal was opened 
in April, 1854. It was very soon closed on account of the 
defective condition of the embankments near the Solani Aque- 
duct. After repairs, water was again admitted in November, 
1854 A second closure v\ as needful, and the canal was newly 
opened in April, 1855 Irrigation from it commenced in the 
month following. 

During 1855, the area irrigated was 54 734 acres, besides a 
small supply to sn\c crops from entire drought on 166 000 acres 
At this time 450 miles of mam canal were open, the mileage 
of the distributaries open being 225 at the beginning of the year, 
and436.it the end of it; though as much as G33 miles were 
under construction. Most of the navigation then consisted in 
rafts of timber passing along the upj>cr reaches down to Mirath , 
there was abo some small l>oat traffic The canal falls were also 
utilised for corn mills; and some revenue v»as obtained from 
the sale of grass and fuel grown 

In 1872, the canal resembled the llari I)<«b Canal, being 
merely half-developed, in contradistinction to the 1-i'tern ard 
Western Jamna canaK, vihish Ind their tm yation fully de- 
veloped. 

The principal bend of the G3";*e< canal is a’^ut 2J miles 
above the -sacred town of p'lgrirngr, Hardwar, o' Ila'diwir. 
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Eastern Jamna Canal. — Remodelling Works. Outlay to end o; 
1882-83. 


Detail. 

During 

J882-83 

Total 

( 2 . Main Canal. 

£ 

/ 

. B. Land 

— 

73 

D. Regulators 

11 

225 

E. Falls and Weirs 

59 

4 702 

F. Torrent Works 

(- 5G3' 

( -563) 

G. Bridges 

279 

583 

H. Escapes 

362 

lGi 

I. Navigation 


1 658 

J. Mills ... 



K. Buildings 

(-157) 

(-167) 

L. Earthwork 

487 

35 58 


28 

10 247 

(3) Distributaries. 

709 

4 892 

4) Drainage Works... 

3188 

37595 

Total on Works 

3 926 

52 734 

Total on Establishment 

820 

13G50 

Tools and Plant 

— 

19S1 

Suspense Account 

43G 

3733 

(Capital Account is ^272 194.) Net Outlay 

5182 

72 098 


Holt — The new classification of expenditure was adopted for the first time in the 
North-West Provinces in the accounts of the year 1878-79- After that year the pro- 
press reports tahe a diminished and altered form. 


The Ganges Canal, commenced in 1848, and opened in 1845. 
is the third of the large perennial canals of Northern India 
made by the British. The earliest proposals leading to this work 
were that of Captain Debudc in 1827, and the suggestions of 
Colonel John Colvin, before or about 1835, who recommended 
an offtake near Hardwar. The success following the opening of 
the East Jamna Canal in 1830, followed by the terrible famine of 
1837-38 and its train of calamity, induced the Government to 
send Major Cautlcy to examine and report on the Hardwar site 
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in 1839. His proposal to make 256 miles of main canal and 73 
miles of branches at an estimated cost of £260 000 was supported 
by the Court of Directors in 1841. A committee ordered to 
examine and report, recommended taking 6750 cubic feet per 
second in a single main canal from Hardwar by the Solani course 
to Khanpur to supply irrigation to the whole of the Ganges 
Jamna Duab ; which would yield j £148 042 anually, apart from 
other receipts. 

The works began in 1842, but were soon stopped. A 
general survey of this Duab was made in 1843-44 \ but Lord 
Ellcnborough checked the whole by deciding on making it 
a purely navigable canal, directed to Allahabad. A mixed 
project was formed in 1845, and the works were abandoned 
on account of the Sikh war. In 1847 a committee recom- 
mended the resumption of the work as a purely irrigation- 
canal ; and this was vigorously started In 1848 Colonel 
Cautley resumed the charge of the works ; some modifications 
in its alignment were made in 1850 ; and the canal was opened 
in April, 1854. It was very soon closed on account of the 
defective condition of the embankments near the Solani Aque- 
duct. After repairs, water was again admitted in November, 
1854 A second closure was needful, and the canal was newly 
opened in April, 1855 Irrigation from it commenced in the 
month following. 

During 1855, the area irrigated was 54 /34 acres, besides a 
small supply to save crops from entire drought on 1 66 000 acres. 
At this time 450 miles of main canal were open, the mileage 
of the distributaries open being 225 at the beginning of the > car, 
nnd43G.1t the end of it; though as much as G33 mdes were 
under construction. Most of the navigation then consisted in 
rafts of timber passing along the upj»cr reaches down to Mirath ; 
there was also some small l»oat traffic The canal falls were also 
utilised for corn mills ; and some revenue was obtained from 
the sale of grass and fuel grown 

In 1872, the canal resembles! the Han I)nab Canal, being 
merely half-developed, in contradistinction to the Ibi'tem and 
Western Jamnt cantN. which hid their irrigation fully de- 
veloped. 

The principal head of the Ganges caul is alwj* p'/’es 
above tbe sacred town of prignnsage. Hardwar, or llardi«ar. 
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dams to form head works above Hardwar, some new weirs and 
locks, improvement and extension of distributaries, and a large 
amount of drainage cuts. 

In 1880-8 1, the Khanpur and Etawah branches, with their 
dependent works, were transferred to form part of the Lower 
Ganges Canal. 

In 1882, the mileage was 445 miles of main canal, 2 561 of 
distributaries, 867 of drainage cuts, in all 3 873 miles of channel 
of every sort. 

Details of expenditure on works, and of irrigation during late 
years, are given in the tabular statistics. 



Ganges Canal— Expenditure of Water throughout 1871-72, in cubic feet per second. 
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rt ' in C Kin mi’ll ami Iltawah Terminal 
Jlram lie* f.>i j-urjunc* of Nit igation. 
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Ganges Canal. — Supply of Water and Irrigation. {Later returns.) 


Year. 

Supplj 

passing 

Rttrkht 

Supply 

Utilised 

Khanf 

Rabbi. 

Total 

Irrigation 

effected. 

3 * 

If- 

Distri 

butarie 

open. 

g 33* 

S 2|J 

1862-63 

cfps. 

4850 

cf.p.s. 

Acres. 

90693 

Acres. 
114 912 

Acres. 

205 605 

pc 

Miles 
2 266 

Feet. 

1863-64 

4 028 

— 

97 53 s 

35 2 2 5° 

449 7S8 

— 

2 337 

— 

1864-65 

4 026 

— 

*6* 835 

404 682 

5665=7 

— 

2440 

— 

1865-66 

43*4 

— 

476544 

396 585 

573 *29 

— 

2 777 


1866-67 

3 94“ 

3 5°7 

j8i 658 

453076 

634 734 

— 

3 039 

2**5 

1867-68 

3 952 

32 99 

J8s 137 

348319 

533 456 

— 

3040 

381 

1868-69 

4946 

4649 

344 266 

734 133 

1 078 399 

— 

3**2 

*'3 2 

*869-70 

5 100 

4 590 

34 1 846 

438 560 

780 406 

— 

3069 

2 ’34 

*870-7* 

4299 

3 8*7 

266 682 

499 93 2 

766 614 


3 069 

3*16 

1871-7; 

4 193 

3 22 4 

232 688 

313 867 

6=6 555 

— 

3078 

3*01 

=873-73 

4 7*7 

4 221 

247 19* 

437 97 9 

685 170 

— 

3 **8 

2 ‘7 5 

1873-74 

— 

— 

287 842 

507 47 2 

795 314 

— 

3 2 7 2 

2*74 

1874-75 

— 

— 

288 615 

608 815 

891 430 

— 

3346 

3*27 

1875-76 

5 °5 X 

— 

3*7 3 2 5 

57=84= 

889 167 

— 

3386 

2*53 

1876-77 

4 779 


316 282 

59 2 95* 

909 233 

— 

3 4 C 3 

2*3* 

1877-78 

4895 

— 

541 3'3 

503 700 

* 045 013 

— 

34*7 

1-27 

1878-79 

5 °34 

— 

4^ 356 

7=5 87= 

1 209 228 

20 ‘O 

3538 

I '95 

1879-80 

5 io 3 

5072 

401 529 

557 3=6 

958 S45 

*7‘» 

365= 

3’°2 

18S0-81* 

— 

3S35 

305 554 

359 373 

*664 927 

JS’6 

2 554 

~ 

18S1-82 

5 °«8 

3598 

=96554 

475 837 

77 2 39* 

19-2 

2 554 

~ 

1882-83 

501 = 

3 702 

335 57o 

5=0465 

s 5& °35 

— 

2 5G0 1 

~ 


' Transfer of portion to the Lower Canges Canal. 




Ganges Canal. — Revenue Account in Pounds Sterling, based on Assessments. 
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The Ganges Canals. — Capital Account lo the End of 1872 - 73 - 


Detail. 

Frevious. 

In 187273 

Total. 

Works. 

£ 


£ 

( 1 ) Head Works 

C. Masonry Works. Weirs... 


2 457 

2 457 

{ 2 ) Main Canals and Branches 

B. Cost of Zand 

C. Masonry Works. Falls and Wiers 

Bridges 

Buildings 

Navigation Works 

D. Earthworks. Canal Embank- 

ments, &c. . . . 

F. Miscellaneous. Loss on Bricks . 
Escapes 

Drainage Works 

Other Works (?) 

1 G98 817 

8 

8 559 
11 894 
289 
534 

620 

1557 

1077, 

1856 

8 

8 559 
11894 
289 
534 

- G20 

1557 
1077 
185G 

1 698 817 

Total Main Canal and Branches .. 

|1 098 817; 

28 851 1 

1 727 668 

( 3 ) Distributing Channels. 

Preliminary Operations 

B. Cost of Land 

C. Masonry Works 

D. Earthworks 

( 4 ) Other Works (?) 

450 1G9 

234 
944 
4 570 
4155 

234 

914 

4 570 
4155 
460 169 

Total on Works ... 

2148980 

38 754 

1 

2 187 740 

Establishment 

55 081 

1615 

66696 

Executive ... 

232 301 

3 866 

236 1G8 

Remodelling 

1G 671 

1 - 

16671 

Total on Establishment 

301054 

5 481 

309 535 

Tools and riant 

10 725{ 

1473 

18199 

Profit and Loss 

710l| 


7101 

Fluctuations of Suspense Balance 

109 140 

-17 153 

91993 

Less Receipts 

-9 282 

-107 

-9889 

Net Outlay ... 

2 57C 730 

28 448 

2 605 178 

Add Simple Interest 

1 Oil 070 

116 GG0 

2053330 

Total Capital Outlay ... 

4 518 40 Oj 

115109 . 

l GG3 503 
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Lower Ganges Canal. — Supply of IVaier and Irrigation, 


Year. 

1 Divisions 
of the 
Senes. 

Average 
Supply 
c. f. p. S. 

KJianf, 

Rabbi. 

Total. 

Double 
cropped land. 

Distributaries 

Open 

s' 

o” 

u 


/OldDiv. 

— 

Acres. 

*55 2 57 

Acres. 
283 251 

438508 


Miles. 

Miles. 

I 880 - 8 I 

4New „ 

- 

28713 

1 17 250 

144 963 

- 

- 

~ 


1 Total 

2 5*3 

183 970 

400 501 

| 

583 471, 

- 

I 442 

494 


| OldDiv. 

— 

138045 

278421 I 

416 466 J 

' - 


- 

1881-82 

•J New „ 

- 

66527 

148 223 

214 75° 

- 

■- 

- 


( Total 

2 955 

204572 

426 644 

631 216 

22 

1 623 

53i 


f OldDiv. 








1882-83 

< New „ 









(Total 

3<>5 0 

199 j 15 

406 9 x 0 

606 025 

24 

I 742 

555 


Lower Ganges Canal. — Revenue Account in Rounds Sterling, based on 
Assessments. 


V“ 

Capital 1 Total 
expended^ Outlay. 

Work- 
ing E\* 
penscs. 

Direct 

Revenue, 

Indirect Net 
Revenue Returns 

Interest 

Net 

Profit. 


£> I £> 

£ 

£ 

£ 

£ 

£ 

£ 

1880-81 

182 438 3 373 163 

43 609 131 639 

20 783 

10S 712 

95180 

13 632 

1881-82 

117 0213 490 793 

64 318161 956 

20 783 

118 S91 

90 231 

28160 

1882-83 

93 832 3 5S9 G24 

67 181 '153 609 

1 

23 783 

107 211 

94177 

13031 
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The Agra Canal is a modern perennial canal irrigating a tract 
on the right bank of the Jamna, between it and the Khari Naddi, 
from below Delhi to the Utangan river below Agra. 

The total length of main canal is 140 miles, its bed-width at 
the head, 70 feet ; its supply J 100 cubic feet per second in the 
Rabbi season, and 2000 cubic feet per second in the Kharif 
season, requiring respective depths of 7 and 10 feet. The ir- 
rigable area is about 1 200 square miles, of which about one- 
tenth was unculturablc waste, and one-fifth was irrigated from 
wells. 

The supply of the Jamna at Okla having been found to fall 
occasionally below 800 cubic feet per second, in May, 1870, 
having been only 472, and in January, 1871, only 756 cubic feet 
per second ; the supply of the Hindan, which is capable of giving 
300 cubic feet, was also used in supplementing the canal, 
giving altogether 800 cubic feet as a certain minimum supply, 
according to which the depths needful for navigation are 
determined. 

The fall of the canal from the head to the 32nd mile is 
0*5 feet per mile; at this point is an overfall of 575 feet, and 
beyond that to the 86th mile, the gradient is ro per mile; after 
which it varies from 0*33 to roo feet per mile ; below the 117th 
mile it becomes a simple distributary. 

The intended depths, discharges and velocities are as follow : 



Mileage. 

Bed 

width. 

n .v. Mean 

D 'P lhs - Velocities 




Feet. 

Feet 


Head to 32 ... 

70 

£ 

1- 82 

2- 36 

32 

to 

40 ... 

58'8 


2-25 

2-76 

40 

to 

50 ... 

53 4 

ri 

2 29 
2-88 

5 ° 

to 

Go .. 

474 


2*28 

2-82 

60 

to 

70 ... 

4'-4 

68 

2-2? 

2*75 

70 

to 

80 ... 

30 

4‘2 

6-8 

2 26 
2’Gp 

80 

to 

*sl - 

= 4-4 

4*4 

G 6 

2*20 

2*62 

85 

to 

95 $ — 

74 -= 

49 

7*0 

1*24 

1*41 

95 

; to 

too ... 

444 

48 

1*22 




7 ‘° 

1*41 


c.r p s. 
800 mm. 
2 000 ma\j 
587 

i 262 „ 
574 •» 
*339 » 
4»5 ». 

* 044 n 
429 *1 
910 „ 
3=6 „ 
670 „ 
276 ,, 
535 M 

M 

3°9 It 
172 i. 
303 .. 
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I'rom ioo to 117 miles the bed widths vary from 21 to 
iS feet ; the depths from 3 7 to 5 - 2 feet, the velocities from i'5 
to 2 3 feet per second, and the discharge at the 117th mile is 
from 130 to 203 cubic feet per second. 

The head works at Okla were begun at the end of 1868, 
and generally open in 1873, the supplementary headworks on 
the Hindan, below the Railway Bridge, are connected with the 
former by a canal having a bottom width of 24 feet, and dis- 
charging 291 cubic feet per second with a depth of 5 - 6 feet ; 
it is 9 miles long, and enters the Jamna at one mile above 
Okla, where there is a lock to prevent the return of flood 
water The distributaries have discharges varying from 140 to 
25 cubic feet per second ; the principal works, bridges, escapes, 
and weirs are comparatively inexpensive. The total estimated 
cost of the Agra canal was £540 188, of which £124 200 is that 
of headworks; the total area of irrigation is calculated at 
704000 acres, and the probable net income when the irrigation 
is fully developed is expected to be £51 375, in addition to 
£4000 from navigation and mill rent — or about 10 per cent 
net. 

Up to the end of 1872-73, the capital account stood at 
£432 267, of which £302 692 was incurred on account of works 
and plant, and £73 183 on establishment, this amount having 
been spent in five years. Of the above outlay, £30 131 was 
spent on plant, £100444 on earthwork, £80 014 on falls and 
weirs, £37730 on bridges, and £11 522 on buildings, and the 
remainder on miscellaneous works. 

The formal opening of the Agra Canal was performed on 
5 March, 1873-74. The supply passed down the canal to the 
35th mile, where it was returned to the Jamna ; the headworks 
were then complete excepting in lockgates. In 1874-75, all the 
works and distributaries of the first division of the canal were 
completed excepting the Hindan cut. 

The works of the second division were completed at the end of 
1876; and in 1877 navigation between Delhi and Matthra 
was opened. 

In 1882 the mileage of the Agra Canal was 140 miles of main 
canal, 370 of distributaries, 17 of drainage cuts ; in all 527 miles. 
The mileage of main canal Jhaving remained the same since 
1S78-79. 
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The discharges of the Jamna have been approximately deter- 
mined from gauge readings and declivities at various sites, 
as follo'vv : — 


At Khara 

At Khara 

At Okla, 2 miles below weir 

At Agra Taj 

At Agra Taj 


C.f.p.s. 

15 Jan. 1882. 3 243 

19 Dec. 1882. 2 928 

12 Oct, 1882. 4 002 

3 Mar. 1882. 5 350 

31 Oct. 1882. 1 840 


J. Blandford. 

P. Denehy. 
G. E. Coles. 
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Agra Canal. — Statistics of Supply and Irrigation 



Average Supply 
at bead. 


Irrigation 


f . 

8 

Year. 

Kharif. 

Rabi. 

Kharif. 

Rabi. 

Total. 

a 

1° 

3 

1 S73"74 

1874-75 

c.f p s. 

c f.p.s. 

acres. 

acres. 


p. cent 

miles. 

1S75-76 

9*7 

944 

5656 

21578 

27=34 

— . 

23* 

1876-77 

57° 

744 

17 577 

3= 23i 

49 808 

84 

232 

1877-18 

— 

— 

57652 

1059s I 

*63 633 


“ 

1878-79 

928 

1005 

40484 

83094 

123 57s 



3*3 

1879-80 

788 

982 

20 911 

362S6 

57 197 

— 

3=9 

1880-Si 

998 

*°95 

36027 

i°5 37S 

*4*405 

— 

340 

1881-82 

1 040 

1 029 

56497 

96 106 

152603 

7-8 

348 

1882-83 

995 

1 009 

52263 

103624 

■55 8S7 

*3'3 
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Agra Canal.— Revenue Account in Pounds Sterling, based on 
Assessments. 



Capital Expended. 1 






During 

Year. 

Total. J 

Working 

Expenses 

Direct 

Revenue 

Indirect 

Revenue. 

Net 

Revenue. 

*873-74 

£ 


£ 

£ 

£ 

£ 


93 619 

G44 864 ! 

4 576 

2 997 

— 

(-1 579) 


71 039 

715 903 

8 319 

6 535 

— 

(-1784) 

1876-77 

54 217 

770 190 

11613 

12 330 

2 299 

3 015 

*877-78 

34 239 

804 479 

15 792 

40 691 

2 503 

27 402 


8 344 

812 823 

18 845 

36 186 

6 595 

23 935 

1879 -S 0 ' 

SOSO 

833 053 

23019 

21 150 

— 

(-2 399) 

1 SS 0 -S 1 I 

3 437 

841 495 ; 

21995 

48 495 

— 

26 500 

tSSi-Sz I 

5145 , 

846 G39 

24 364 

53 833 



29 475 

1 SS 2 -S 3 

5574 

852 213 

22 910 

53 212 

— 

35 303 
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Agra Canal. — Expenditure to End of 1875-76 on Works only. 


( 1 .) Headword. 

B. Band ... . 

C. WoTks — Okla weir, sluices, 1 

Rher band and works f 
Hmdan cut, land and works 

K. Buildings 

P. Maintenance 


£ A 
763 

70473 
36788 
2 519 
9014 

128585 


(2.) Main Canal 

A. Preliminary, survey s 

B. Land . 

D Regulators — one ... 

E. Falls and Weirs — 3 weirs, and 2 falls 

F. Tonent works — 1 syphon 

r r ' T • ** * w - 1 


I. Navigation works— 4. locks } 

Matthra Channel k ... 
Agra Channel ) 

K. Buildings .. 

L. Earthwork — excavation in 140 miles 

N. Tanks and reservoirs — 2 

O. Miscellaneous 

P. Maintenance and Repairs 


836 

.. 14341 

680 
. 0134 

. . 8528 

... C20S6 

... 24 570 
.. 69 537 

... 11620 
... 101443 
... 23121 

... 1816 
7 031 

331 778 


(3.) Distributaries . 

Land works and earthwork in 15 distributaries 52 172 

(4.) Drainage W oris. 

Surveys for Drainage ... ... 12 

Total extraordinary ... ... 513617 

Total ordinary ... .. ... 10835 

Total Expenditure 623 882 
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Sardah Canal . — This scheme, projected in intended to 
provide irrigation in the Gogra-Ganges Duab, by a canal from 
the Sardah, near.Naglah. This tract of 20000 square miles is 
mostly in Audh, extending from above Sitapur to near Bandras ; 
its ridge, throughout the greater part of its length, is from 50 to 
70 feet above the Ganges. The supply of the Sardah is low 
from January to April ; its lowest ordinary discharge at Ban- 
basa is 5 500 cubic feet per second This is small compared 
with that of the Korealli — 1 1 000 — and that of the Gogra, which 
at Bairam Ghat, near the confluence of the two, is 18000 at their 
lowest. The supply of Sardah will hence not afford the amount 
required by the canal, 9 539 cubic feet per second ; of which 
nearly half must be taken by supplementary offtakes from other 
rivers. The flood of the Sardah is about 74 000 cubic feet per 
second at Banbassa. 

The estimate of the complete project appears to be about 
six millions sterling in cost, and £530 000 in net income after 
completion; the irrigable area being 2384750 acres The 
project was drawn up by engineers Hcaford, Handcock, and 
Scott, in or about 1871, with every possible detail, the scheme 
being generally based on that of Colonel Rundall and Sir 
Arthur Cotton, as well as on the original scheme of Lieutenant 
Anderson (Madras Engineers) drawn up in 185G-57. 

The length of main canal above Mmakot will be 21$ miles. 
There will be then three branches ; one to Shahjahanpur of 
63 miles, one to Faizabad of 207 and one to Bandras of jCo ; 
the remaining branches, having different offtakes, proceed to 
Jaunpur, Lakhnau, and Azimgurh ; these, with supplementary 
channels, give about 531 more miles of channel, or 1 1G9J i n 
besides 1 6 miles of escape channel. 

The peculiarity of the present irrigation in Audh consists in 
its water being obtained principally from shallow wells, also 
from tanks and swamps, generally involving lift at all times, and 
entire drying up in seasons of drought. Five-sixths of the 
cultivable area is unirrigated. 

The Eastern Ganges Canal-Work on this project began In 
some excavation done in 1SCS-69 as a famine relief work; the 
cost of this, with the surveys, amounted to £21 382. The project 
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was recast in 1872. The present condition (in 1882-83) is 
unknown. 

The Dun Canals consist of five perennial canals of an 
aggregate length of 66 miles in the Dera Dun, a valley of 
the Sawalikh, or lower Himalayas, north-west of Hardvvar; they 
consist of : — 


Bejapur 

Opened 

in 

... ... 1840 

Miles 

long. 

11 

Discharge 
in 1872 - 73 . 
C. f. P . s. 
39 • 

Supply 
utilised. 
C. f. p. s 
30 

Rajpur 

1843 

12 

11 

9 

Kattapatthar 

1834 

19 

33 

17 

Kallanga ... 

1859 

13 

25 

15 

Jakhan 

1863 

12 

15 

9 


Total . . . 

G7 

123 

80 


The financial state of these canals was, on April 30th, 1S61 


Canal. 

Capital. 

Interest and 
Repairs. 
12212 

Revenue. 

Deficit. 

Bejapur . 

G 547 

9 30G 

2 93G 

Rajpur 

... ^4 024 

^9139 

£8 495 

£G74 

Kattapatthar ... 

... 21502 

10 801 

541 

10 2G3 

Kallanga 

5 240 

1181 

70 

1111 

Total 

... 37 318 

33 3G7 

18 882 

14 985 


At this time the acreage irrigated was approximately thus : — 
Garden land, 507 acres ; rice, 1974; tea, 570; wheat, 4016; in 
all 6067 acres ; but the acreage of irrigated land was not fully 
measured until 1867. 

The water rates were reduced in 187 1, thus causing a temporary 
loss; but in 1874, after improvement, these canals yielded higher 
returns. 

In 18S2, the Dun Canals consisted of 66 miles of channel, all 
being termed distributaries; the reports show some imple- 
ments since 1872, but not any important new development 
of canalisation 
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Dun Canals. — Supply of Water and Irrigation 


Year. 

Average 

Supply 

Khaiif 

Irrigation. 

Rabbi 

Irrigation. 

Total 

Irrigation. 

Double- 

cropped 

Land. 

Chan- 

nels 

Annual 

Rainfall 


c . fps . 

acres. 

acres. 

acres. 

p. cent. 

miles 

feet. 

1867-68 


4 334 

7654 

II 988 

— 

— 

— 

1868-69 

— 

— 

- 

- 

— 

— 

— 

1869-70 

- 

4247 

J 6 182 

IO429 

- 

- 

- 

1870-71 

j - 

4 5*4 

7569 

12 093 

- 

- 

- 

iSj t -7s 

- 

5 535 

5 504 

1 1 O39 

- 

- 

- 

1872-73 

123 

5217 

3785 

14 002 

- 

67 

- 

1873-74 

- 

6 164 

6879 

13 043 

- 

- 

- 

1874-7S 

- 

51115 

10020 

'5635 

- 


- 

1873-76 

- 

6 243 

9155 

14398 

- 

- 

- 

1876-77 

- 

5 726 

6869 

12 595 

- 

- 

- 

1877-78 

— 


— 

— * 

— 

- 


1878-79 

- 

- 

- 

-* 

- 

- 

- 

1879-80 

- 

- 


— * 

- I 

- ! 

- 

lS8o-8l 

- 

- 

- 

— * 

- 

- 

~ 

l88l-82 

- 

5 315 

8138 

13 453 

- 

66 

7*0 

1882-83 

142 

5 523 

9 445 1 

14 968 

— 

66 

4-8 


* Incomplete or doubtful returns omitted. 



Dun Canals. — Revenue Account in Pounds Sterling , based on Assessments. 
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The Rohilkhand and Bijnaur Canals . — These consisted of 
a number of ancient, badly designed lines, which were worked 
at a- loss in 1872, though after remodelling may yield very 
good results ; they are : — 


Rohilkhand 


{ 


Bijnaur 


{ 


Baigul Group 
Kitcha Dhora Group 
Paha Group 
Kailas Group 
Nagina Group ) 
Nehtor Group | 


108 miles 

32 .. 
13 «. 
32 .» 

38 „ 


The combined outlay till April, 1861, was £10 830 , and in that 
year of extreme famine the income — ^3 0C7 — first exceeded the 
charges and maintenance — £3 274 — as the irrigated acreage was 
nearly double the usual amount. But even then the average 
water rate was only eightpcncc per acre, though the staple crops 
of this province are rice and sugar. 

The combined outlay up to 1872-73 was £103 000 ; the direct, 
indirect, revenue, and working expenses for the year— £3438, 
£2 201, and £5 132 respectively; the acreage, Kharif 21 204, 
Rabbi 34 446; total 55 G50 acres. The length of distributaries 
was increased from 180 miles in 1867-68 to 294 miles in 1872-73. 

In 1882-83, the Rohilkhand Canals, apart from the Bijnaur 
Canals, consisted of 94 miles of main canal, and 225 miles of 
distributaries ; in all 319 miles. 

The following are the Channels or Rivers in detail 


Baror Ri\er 
Taha Canal 
Kicha Canal ... 
Dhora River 
Sankha River . 
Dhorania River 


Bahgul Canal 
Absara River 
Absara Channel 
Nakatia River 
Kailas Canal .. 


Mile, 

I, S 


In 1SS2-S3 the Bijnaur Canals consisted of two canals, the 
Nagina Canal, having four distributaries of an aggregate length 
of 19 miles ; and the Nihtor Canal, with three distributaries of 
an aggregate length of 14 miles; including the main channels 
in each case ; these being each 9V miles long. 
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Rohilkhand Canals. — Supply of Water and Irrigation. 




Irrigation. 

1 

,S *4 

| g 

a 

Year. 

Supply. 

Annual. 

Kbartf. 

Rabbi. 

Total. 

D S 

u 

.g s. 
3O 

5 

1 

1871-72 

C.ftp s. 

Acres. 

5 9*4 

Acres. 
16 481 

Acres 
16 936 

Acres. 
39 331 

Pr.et. 

Miles. 

Feet. 

187.-73 

1873- 74 

1874- 75 

1S75-76 

- 

- 

- 

- 

- 

- 

- 

- 

— 

— 

— 

— | 

58 769 

— 

— 

— 

1876-77 

- 

- 

- 

- 

74 319 

- 

- 

- 

1877-78 

— 

' — 

23 072 

7 004 

30 07 6 

- 

- 

- 

1878-79 

- 

— 

21 679 

57 237 

78 916 

- 

- 

— 

1879-80 

- 

257 

8 770 

66 231 

85 .58 

- 

- 

- 

1880-81 

- 

10 239 

47 16* 

30 228 

87 629 

- 

- 

- 

i88i-8z 

- 

8 876 

27 221 

48 369 

84 466 

- 

- 

- 

1882-83 

— 

it 306 

21 368 

46 833 

79 507 

— 

225 

— 


• Note — Tlie accounts of ihe Hijnaur Canals were formerly mixed with those of 
the Rohilkhand Canals. 


Bijnavr Canals, — Supply of Water and Irrigation. 


Year. 


Kharif. 

Rabbi. 

Total. 

1S75-76 


Acres. 

Acres. 

Acres. 

3046 

*876-77 


— 

— 

4 433 

■S77-7S 


— * 

— 

— 



— 

— 

— 

1879-80 


656 

* 73 ° 

2386 

r8So-8r . . . 


2 808 

2 0.JX 

■1^9 

1881-S2 .. 


2894 

2 I36 

5 ° 3 o 

iSSa-Sj . . 


2298 

3 207 

5 4*5 
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Rohilkhand Canals. — Revenue Account in Pounds Sterling , based 
on Assessments. 


Official 

Year. 

Capital 

during 

Total 

Outlay. 

Working 

Expenses. 

Direct 

Revenue. 

Indirect 

Revenue. 

Net 

Returns 


£ 

£ 1 

£ 

£ 

£ 

£ 

1870-71 ... 

4 039 

56359 


— 



1871-72 ... 

9397 

65 756 

8062 

2 288 

1351 

'-4423) 

1872-73 ... 

19822 

96 601 

4 885 

2 486 

3 261 

862 


15497 

112101 

6 577 

3 819 

3 261 

503 


17 248 

129 349 1 

5175 

2 763 

5 007 

2 596 


G349 

135 698 

4 798 

4 011 

5 007 

4 219 

1876-77 ... 

8917 

144 614 

6 297 

5 576 

6 30G 

5 586 

1 S 77-78 .. 

3593 

148 207 

7 082 

2 760 

5103 

786 


5 G20 

153827 

6456 

5 482 

5112 

4137 

1879-80 .. 

(-1CG) 

159 244 

7 744 

6193 

5 007 

3 456 

1880 -Si* . 

( -252) 

165 989 

10333 

8 367 

6 824 

3 858 

1881 - 82 * . 

(-116) 

165873 

12 339 

7 510 

5 834 

995 

1882 - 83 *.. 

2 752 

163625 

11288 

7 011 

5 824 

1547 


* Bijnaur Canal included. 

Btjnaur Canals. — Revenue Account in rounds Sterling, based on 
Assessment. 


Official 

Year. 

1 . 
5JB 
& 
u 

Total Outlay. 

If 

1 ! 

J§ 

21 

£ 

1 

V 

54 

Jo 

£ 

y. 


£ 

£ 

£ 

£ 

£ 

£_ 

£ 

£ 



6 997 

251 

436 


185 

315 

(-130) 


— 

6 997 

434 

550 


119 

315 

(-196) 


— 

G 997 

346 

340 

817 

810 

315 

496 


— 

G 997 

237 

432 

817 

1013 

315 

693 


— 

6997 

748 

695 

859 

606 

315 

491 

tS 7 7-7S 

— 

6997 

610 

609 

857 

855 

315 

540 


— 

6 997 

304 

253 

824 

774 

315 

459 

1 S 79-80 

— 

G 997 

251 

348 

817 

904 

315 

5S9 

1 SS 0 -S 1 * 

— 

— 

— 

— 

— 

— 




1 SS 1 -S 2 * 

— 

— 

G03 

769 

— 





tSSs-S 3 * 



1047 

660 


- 

“ 



* Included «hb Robilkband Canals again. 
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The Bandalkhand Canals, from the rivers Betwa and Dassan, 
proposed by the late Captain A. H. Bagge, of the Bengal 
Engineers, still remain as incompleted works ; detailed surveys 
were, however, commenced m 1 873. 

In 1SS2-3, the Betwa Canal was partly constructed', the pro- 
posed site of weir for headworks being at Paricha. 

The discharges of the Betwa were approximately determined 
in 1882 from gauge readings and declivities, thus : — ■ 


At Paricha. 

H 

Date. 

Cubic feet 
per second. 

| Dale. 


22 July 

5^° 575 

12 October 

1503 

26 „ 

543 429 

2 5 >> , 

896 

21 „ 

426348 

25 November 

394 

*7 » 

290 630 

12 December 

335 

20 „ 

286 831 

16 January 

193 

i(3 „ 

2784S5 

4 February 

MS 

19 „ 

l 5 .. ••• 

21 June ... 

12 July 

5 m 

8° 9S9 

85 SU 

49996 

12 no 

9 826 

20 March 

3i 


The Saritn Canals — The effect of the works is to supply four 
old river-channels, of a deltaic sort, with water from the Gandak ; 
the irrigation is partly effected by lift, of 8 to 15 feet, and partly 
by backing up the canal water into natural channels ; the supply 
is nearly perennial 

The irrigation from the Daha Canal, Ganduki Canal, Dhanaie 
Canal, and Gangri Canal in 1882-83 amounted to 1741 acres, 
of which 1 099 was rice crop; the gross revenue was £\ 803, the 
cost of maintenance £3 3G0. 

Besides the above, much indigo is irrigated and not assessed, 
and water is supplied to indigo factories, for which no direct 
payment is made. In the true sense, these works arc productive ; 
according to the official sense, they arc not 

Other projected canals in Baliar are the TtrUut; and the 
HughH and Damudar projects in Bengal. 
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The Sohan Canals . — These constituting a portion of the Rahar 
project of Colonel Dickens, were designed to provide high-level 
navigation for 295 miles from Mirzapur on the Ganges through 
Dehri, the hcadworks on the Sohan, to Manghir on the Ganges, 
and to irrigate the country on both banks of the Sohan, between 
this line of navigation and the Ganges The Western main 
canal, from Dehri to Mirzapur, was to be 125 miles long, 
commanding the irrigation of an area of 2 100 square miles ; the 
Eastern main canal from Dehri to Manghir, 170 miles long, com- 
manding 3000 square miles. The main canals were designed 
to carry 5 300 cubic feet per second, with a depth of water of 9 
feet, and a bottom width of 180 feet ; in the Eastern canal the 
fall from the Sohan to the Ganges, of 1 23 feet, to be overcome 
by a series of locks It was originally intended that these and 
other works should have been carried out with English capital, 
under the East India Irrigation Company in 1867, they were, 
however, commenced in 1870 by the Public Works Department, 
under Mr, Levinge, aided by about twenty English engineers. 

The Western main canal was nearly completed to full 
dimensions for a length of 22 miles by the end of March, 1873 ; 
and its bridges and siphons were in progress The Eastern 
main canal was then also nearly completed for eight miles. 
On the Arrah Canal, which is to be 70 miles long, and will 
irrigate 430000 acres, ground had been broken over 60 miles; 
and six locks, two bridges, and seven siphons were in progress. 
On the Patna Canal, which will be 84 miles long, and will 
irrigate 390 000 acres, two-thirds of the earthwork was executed 
in 1872-73. 

At the hcadworks, the masonry wcll-blocks of the upper 
breast- wall of the weir were sunk right across the river in 1 870- 
71, and in 1871-72 those of the lower breast- wall, as well as 
parts of the head and undcr-sluiccs and head locks ; the stone 
being brought by locomotives from quarries seven miles off. 

The following is an abstract of the estimate of cost of the 
works : — 
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£ £• 

295 miles of high-level main canal at per mile ... 4 000 1 180 000 
240 miles of main irrigation and navigable canal, at 3 000 720 000 


928 miles of main irrigation distributaries 
261 000 acres irrigated in detail 

326 250 acres of minor drainage works 

Headworks 

Workshops, shelter, &c. . . 

... „ 600 461000 

... „ 2 622 000 

...» 0 8s. 130 500 

.. 225 000 

43000 

Superintendence at 12*5 per cent. 
Tools and plant 


3 284 500 
410500 
80 000 



3 775 000 

The capital account is as follows 

Worlts and Plant. 
£ 

Up to April 1st, 1872 368036 

During 1872-73 210 951 

Up to April rst, 1873 678 987 

Establishment. 

£ 

77 456 

40 635 

118 091 

Total. 

£ 

445 493 
251 587 
697 079 


The Sohan Weir is 2J miles long and 8 feet high, and is 
especially interesting as an example of the most modem con- 
struction, exhibiting like the weirs on the Orissa canals, also 
designed by civil engineers, a vast improvement over everything 
done before in works of this class in India. These canals were 
partly open in 1875, and were working in 1877; the details 
being according to the following tables. 



Sohan Canals.— Lengths of Canal Ofen, 6v., in 1882-83. 
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Total. 

O CO VO VO »/) '1- 
. os - m m i-~ ft 

“ t- O UVO O 00 

u I « 0 r-»co to 

1 ff S' f? ° £■ ir 

4 

1 1 1 i 1 1 1 p 

i 

a 

! 1 1 1 1 1 1 

i 

S | 1 “* - «•" 

< M N « H M 

1 

Ji *2 os OS CS 

jl 

< t. 1-.0 vn «*> « 

Kharif. 

^ eo*vsf Jo'S S 2" 

ji 1 

< O OtsfM IOO 

1 

b 

2 

3 iT? 

fe OV O. 

£1 1 1 1 1 1 S 3 
* 2 £ 

0 ' r " 

1 

C 

0 Os O 

}l 1 1 1 1 1 22 
li I ° 

u ' « 

Jll 

5 Os "so S w 3. CO if 

JZ — inw D 0 » « 

u 

Jo?e5r*2jr|rjrlr2' 


*2. «^ t £. 00 w 0 ? 

JQSO ^ 


The maximum canal supply is : Kharif, 4 766 cubic feet per second ; Rabi, about 3 000 cubic feet per second. 



Sohan Canals. — Revenue Account to the end of 1882 - 83 . 


mi 1 1 1 


M| | | | | 


M| • I | | | 



tSSi -82 — 2 329345 60 393 
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The Midnapur Canal and the Hijalli Tidal Canal. — The 
Midnapur Canal, opened in 1871, connects Midnapur with 
tide water in the Hughli, 16 miles below Calcutta, and forms a 
communication between that river and the Kusi, Rupnarain, and 
Damuda. It will be 52 miles long, and will effect the irrigation 
and drainage of 200000 acres: it was in 1873 capable of irri- 
gating 72 000, but its distributaries and drainage channels were 
still incomplete. Its estimated cost was £931 000. These 
canals arc in Bengal proper ; but as the account of these is in 
the earlier official records mixed with that of the Orissa canals, 
it will here also be found under that head until 1873. From 
1867 to 1873, the works having been sold by the East India 
Irrigation Company to Government, were carried on by the 
Public Works Department On 1st April, 1873, the capital 
account amounted to ,£095 812, including the Hijalli Canal ; 
and the state of the works was thus : — 


Canal. 

15 

<3| 

I'll 
! 2.| 
sfi 

•5 1 

|g| 

g ? s. | 
< 

1 a 

1 s 
1*1 

1 a 

1 , 

8* 

si 8 

a 


Miles. 

Miles. 



£ 


Midnapur Canal 

24 

— 

138 150 

69 950 



Hijalli Canal 

62 


II s°° 

2 000 


— 


The Hijalli Tidal Canal is nearly entirely for navigation 
between the Rupnarain opposite Diamond Harbor and the Bur- 
raballang at Balasur ; half of it is thus beyond the Gangetic 
basin, in Southern India. It had 29 miles open for traffic, from 
1S73 to 1883 ; its capital outlay amounted to £177 270 in 1883. 
The expenses of removing silt are heavy. The annual gross 
revenue varies from £2 294 to £6 228 ; the total charges, from 
£1 243 to £4 43G ; about two-thirds of the weight of goods 
transported consist of articles of food ; the estimated value of 
annual traffic varied from £133 944 to £415 535 ; the number 
of annual personal passages from I 932 to 4 184. 

The following statistics of the Midnapur Canals partly show 
the development of irrigation after 1S73. 
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Midnapur Canals. — Supply and Irrigation until 18S2-83. 


Year. 

Length. 

Supply. 

Irrigation. 

Main Canal, 

1 

3 

•c 

Midnapur 

Weir. 

Pauchkura 

Weir. 

P.’S jj 

Under 

Fauchkuca. 

Weir. 

From 

Tidal Reaches. 

Total. 

Annual Rainfall 
at Midnapur. 


Miles 

Miles 

C.f.p.s 

C.fp.s. 

Acres. 

Acres. 

Acres. 

Acres. 

Feet. 

1877-78 

— 

— 

— 





19 819 


1878-79 

— 

— 

— 

— 


— 


58731 

a « 

1879-80 

.s 

254 

— 

— 


— 

— 

100 178 

3‘2 

1880-81 

48 

267 

— 

— 


— 

— 

103 862 

4'9 

1881-82 

4 s 

277 

231 

— 

91 685 

IT 250 

I 212 

104 147 

5*9 

1882-83 

4 s 

277 

361 

7* 

90036 

10 947 

956 

ici 939 

5'5 


The irrigation is almost all rice crop in the Kharif season. 


Midnapur Canals. — Revenue Account until 1882-83. 


Official 

Year. 

Capital. 



■ 

■ 

■ 

During 

Year. 

Total. 


£ 

£ 

£ 

£ 

£ 

£ m 

£ 

1873-74 



3 582 

7 2G4 

10 371 

12 032 

def. 

1874-75 

— 

— 

G 702 

11 622 

11 232 

13013 

>1 

1875-70 

— 

— 

5 279 

11111 

14 379 

1G 740 

M 

1870-77 

— 

— 

G14G 

18G99 

14 G89 

17128 


1S77-78 

— 

— 

5 318 

17 000 

18 017 

20331 


187S-79 

— 

— 

8 501 

17071 

15 031 

17 281 


1879-S0 

— 

— 

13011 

21723 

13 0G9 

15 110 

9283 

i8So-8t 

— 

— 

1129G 

21G17 

1G5GS 

18 922 

2 725 

1881-82 

— 

783231 

11859 

25007 

20 253 

23 817 

1150 

18S2-83 

12 178 

705 410 

10 10G 

2GS01 

20 3G1 

21C50 

2151 
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Southern India 
The Orissa Canals. 

Canals in the Orissa delta ( also those in Bengal at Midnafur 
and Hijalli included in the general scheme until 1873). 

The hcadtvorks proposed for these canals consist of three 
weirs across the Mahanaddi, the Katjuri, and the Bcropa, G400, 
3900, and 19S0 feet long respectively ; the two first I2'S, and 
the third 9 feet high; they are of modern design, having 
movable iron stanchions and shutters that admit of being 
lowered to allow floods to pass over them. The canal for the 
irrigation of the central delta, between the Mahanaddi and 
the Katjuri, is taken off from the right flank of the Maha- 
naddi weir, and a junction canal connects it with the Kat- 
juri. The Taldandah Canal also takes off from the right 
flank, and runs to Taldandah, the limit to tidal navigation, 
and it, with its branch, the Machgong Canal, will eventually 
irrigate 155 000 acres of the central delta , they can, in 1873, 
irrigate 30000, being in use for about one-third of their lengths, 
or 52 miles of each. Two canals arc led off from the Bcropa 
weir: the one from the left bank is the high-level canal, 
designed for navigation from Kattak to Calcutta ; of this the 
first 32 miles to the river Brahmam arc open, and the greater 
part of its distributaries for the irrigation of 80000 acres arc 
completed ; the other from the right flank of the Bcropa weir, 
intended to irrigate the country between the Mahanaddi and 
the Brahman?, is called the Kcndrapara Canal , it is 1G0 feet 
wide and 7 feet deep, and is intended to irrigate 270000 acres 
of the northern delta, at a duty of iro acres per cubic foot 
per second of supply; the distributaries have an aggregate 
length of 171 miles, and will irrigate S5 000 acres; also its 
Pattamandi branch taking off on the fourth mile, and running 
to a port on the estuary of the Brahmani, will irrigate 1 13000 
acres. 

The present estimate of the cost of these works is £2 598 200, 
and they arc intended to irrigate t 600 000 acres. 

The history of the Orissa Canals is as follows . — 

The preliminary designs, drawn up by Col. Sir Arthur Cotton, 
in May, 1S5S, were estimated to cost £l 800 000, and intended 
to irrigate 2 250 000 acres. A charter was granted to the E. J. 
2 n 
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Irrigation Company in June, 1S61, and capital was raised to the 
amount of one million as a first issue. Surveys, preliminary 
designs, and estimates were drawn up afterwards under Col. 
Rundall by May, 1S63 ; the estimate amounting to two millions, 
and the proposed amount of irrigation one and a half million 
acres, at a duty of 133 acres to one cubic foot per second. 

Certain Initiatory Works were estimated in detail thus : — 

1. Headworks, comprising the Naraj Weir, the Mahanaddi 

anicut, the Beropa anicut, and the Kattak head- £ 
works, t 500' long x 7 V high 1G5 99G 

2. First Section of High-level Canal, 32 miles from the 

Mahanaddi to the Brahmani 59 419 

Its distributaries, ns miles for S7 000 acres 13050 

3. Kendrapara Canal, 40 miles, Kattak to False Point . 33 537 

Its distributaries, 180 miles for 270 000 acres ... 40 500 

4. Midnapur Canal, 48J miles, Midnapur to the Hughli .. 152342 

Its distributaries, 160 miles for 148 500 acres 22 275 

5. Hijalli Tidal Canal, first two reaches, 27 miles from the 

Rupnarain ... . ... .. . 49110 

533 2GB 

Stores and management 30 per cent. 1G0580 

Suneys of general scheme, purchase of a fleet of boats, 

London Offices, and preliminary expenses had already 

cost... ... ... ••• 123 933 

Interest already paid to shareholders 112 477 

Total estimated cost of initiatory scheme ... ,£932 2G0 
Estimated return. — Navigation to repay establishment' and 
management, and the irrigation of 505 500 acres, at 5 Rs. per 
annum, to yield a gross return of 36 per cent, on thc£G95$48, 
and deducting 5 per cent, for repairs and maintenance, 31 per 
cent, net ; or 21 per cent on the million of total expenditure 
estimated. 

The works were begun in December, 1863. Irrigation was 
first available in December, 1S65, was first taken up in April, 

1 86C, and began to yield returns in October, 1S66. Navigation 
began to yield returns in March, 1SG5. The Company sold the 
Orissa undertaking in December, 1S67; the works constructed 
and returns being as follows 
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The total amount of work done by Hay 31st, 1867, under the 
heads of the preceding estimate, was — 1. Hcadworks open, but 
not complete. 2. High-level canal, 10 miles open, 12 nearly 
ready, and 17 miles of distributaries open. 3. Kcndrapara Canal, 
30 miles open, to a reduced width, and 72 miles of distributaries 
open. 4. Midnapur Canal, 28I miles under construction, 10 
nearly ready, and 46 miles of distributaries open ; 5. Tidal canal, 
27 miles open without locks. Water was then available for 
153 400 acres of irrigation. Between May and December, 1867, 
further work was done on the above canals, details of which arc 
wanting, as well as 23 miles of uncompleted work on the 
Ta Id. and ah Canal. 


Expenditure up to October , 1 867 

Expenditure — on works up to June, 1867 

„ from June to October . 

„ from October to December 

Total expended on works in India 
Total on all accounts 
Balances .. 


£ 

G20000 
187 93G 
... not known 
807 93G 
8818G1 
5SG71 


Receipts, not including Go\cmmcnt Joan of jQl 20 000 j£0 13 532 


The earlier returns until October, 1867, were thus — 


Navigation. Water Rate To'al. Irrigation 


Year. 

£ 

£ 

£ 

Acre^. 

JS63 ... 

87G 


87G 

— 

1864 

813 

— 

813 

— 

1865 

1 0S9 

— 

1 0S9 

— 

>S66 ... 

1145 

Oct 8"8 

2 043 


1S67 ... 

Aug 1 GG9 

Feb 1 20S | 
Oct. 2 253 i 

5130 

/ 4 358 

1 9836 


5G22 

4 339 

9931 

_ 


In February, lSG7, water was available for Go coo acres, and in 
October, 1S67, for 1 53 000 acres. In iS 0 j water for 13 000 acres, 
valued at £2 500, was stolen. 

At the time of sale, the Company had water available for 
200000 acres, which at 5 Rs. per acre would yield .£100 000, or 
about 10 per cent, on the total expenditure, had the cultivators 


/ 
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taken the water ; as, however, they did not, and the Act had not 
then been issued (passed in February, 1870) to recover rales 
from land brought under water-command, it would have been 
unwise to extend the works, and the Company were then forced 
to sell up at par to the Government. 

From 1867 to 1873, these works were carried on by the Public 
Works Department. On April 1st, 1873, the capital account 
of the Mahanaddi Project, including the Brahmani and Baitarni 
Series, amounted to £1 221 577 ; and the state of the works was 
thus ; — 



•g 

hS-g 

a ” c 1 

Is-j 

■O 

E J? 

c 

L>~ 


Canal 

q 

a |-8 

in 

H 

2 a 

JiL 

s| * 
a 









Miles. 

Mites 

Acre? 


£ 

£ 

High-level Canal 

37 

•0021 

74 600 

42 660 

3 G 18 

203 

KendraparaCanal 

40 

•0032 

313 000 

100 000 

2116 

ISO 

Taldanda Canal 

2 7$ 

•0042 

| iJSooo 

/ *5 33 ^ 

1398 

109 

Machgong Canal 

, 6 

•0040 

\ 16829 

710 

95 


The expenditure mentioned does not include establishment 
nor proportionate cost of headworks. The supply provided for 
the areas was at the irrigating duty of one cubic foot per second 
for 133 acres. 

The discharge passing down the Kcndrapara Canal varied 
from 500 cubic feet per second in August, to 126 in March, and 
in the high-level canal from 350 in July, to 115 in March ; each 
of the canals were closed for repair for about two months in the 
cold weather. 

In 1869, the water rates having been lowered from 10 s. to 2 s. 
per acre, the gross revenue amounted only to .£ 441 ; in 1869-70 
it amounted to £5 235 ; in 1870-71, the acreage actually irrigated 
was 22 128 acres; and in 1871-72 only 11652 acres, demands 
for water rate being abandoned by the revenue collectors, and 
only £1 772 being actually collected. 

The following tables indicate the extension of works, and fman- 
cial condition of these canals from 1872 to 1882. It will be 
observed that the spread of possible irrigation has been small, 
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while the increase of actual irrigation has been large. The 
people, who have suffered greatly from floods for many years, 
perhaps for ages, were too stupid and ignorant to appreciate the 
advantages of irrigation, and refused to irrigate for many years 
The advisers of the Government, instead of striving to induce 
the spread of irrigation, recommended .the tedious process of 
allowing the natives time to learn, and advised that the distri- 
bution works should not be extended. It appears that after these 
io years the natives began to learn, and then irrigated two-thirds 
of the area for which distributaries existed. 

In 18S1-S2, when this stage had been reached, estimates for 
extending the distribution, and for making 70 miles more of 
canal, were framed ; they were sanctioned in 1883, and the works 
have been resumed Some details of these works and their esti- 
mated cost arc given in the following tabular statements Their 
effect wrll be to increase the irrigable area to 653236 acres, 
which was about the area contemplated in 1867. 

As to the financial condition, it seems due to several causes : 
to reducing the water rate from £05 to £015 per acre; and 
to contracting the irrigable area ; but chiefly to the general policy 
of waiting for the natives Apart from the liability of the lands 
to inundation, against which protection is required, these deltaic 
works are capable of high financial success, when carried out to 
full development. 

The Orissa Coast Canal — This canal v*as in progress of con- 
struction in iSSi-iSSc. 





Orissa Canals.— Annual Progress of Works, Irrigation and Nai tgalion, 1871 to 18S3. 
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The corresponding ullage channels were not made m this jear. 



Orissa Canals. — Annual Receipts and Expenses , 1871 to 1883. 
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Total 

Charges. 

-*OOi CO d to t- O) 1H .-1 to •** 
ooh fOoooocDiain 

OOCJ (OC-’HOQIO^COH 
^£M CO CT OOHHCOIDOCW 

cm cr 1— 1 *HtNCMCi(Mcococoeo 

•snoaurnaastjq 
pen ‘sjoox 

coco e-cMoacOOO^ 

. . , 0 0 co 0 ci to ci 0 1 1 

SJ { COOWCOt-COKJ f [ 

rH rH iH t-H 

■jirauiqsnqejsa 

ooijrStMj^j 

30 CO Cl IQ r-un O O 

»„•) 1 ,-t CO (30(00>HrtiO I I 

>t 1 OO WOiOOhCOt- 

•Itiaumsuqojsjj 

uoi}c3ujj 

£ 

4138 

3 661 

3 502 

2 579 

2 501 

3 223 

2 760 
3879 

3 881 

•iu3ujqsi|q«tsa 

£ 

2 655 
957 

2 010 

3 350 
3164 

3 251 

3 907 
5192 

4 590 

aotrsuaiurejij 

£ 

16 388 

7 451 

11755 

13 686 

14 049 
13704 
14 711 
25875 
19955 

Total 

Gross 

Revenue 

£ 

4395 

3 662 
4384 

4 849 

4 549 

7 456 

16111 
18200 
26952 
26476 
25 840 
32001 

■snoouripostjv 

£ 

669 

1130 

945 

855 

1370 

1530 

1600 

1566 

■uourSivefi 

HgflKOOOlS 

will =;ssssc:s? i 

Cl Cl CO »o 0 t>- CO t- 

■3ivj mt\\ 

1741 

2 038 

4 033 

4 033 
11782 
11642 
15 775 

17 605 
12429 

18 033 

CapitaL 

a|* 

^0 

1 1 1 1 1 1 1 1 iili 

Cl Cl 


0 

■mi 1 1 1 1 III 1 1 IS 

CO 

3 c 
«?.5 

n *r I'i'O ■'to c> 0 -■ « rfi 

i£S 

to CO CO 03 CQ <Q 03 03 M <0 M CO 


The water rate was only £0-15 per acre from l8?i to 18S1. 
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Orissa Canals. — Details of Cost of Works and Extensions proposed 
in 1882. 


Detail* 

Works 

Sanctioned. 

Extension 

Contemplated 

Total Esti- 
mated Cost 

Head works 

£ 

4 GO 542 

£ 

£ 

4G0 512 

Main canals 

780 855 

219 595 

1 030 450 

Distributaries 

150 196 , 

42C 884 

67.7 0S0 

Drainage and Protection works ■ 

110 27G 

349 551 

459 827 

Cadastral Suney and Boundary 1 
pillars / 

221 GGG 


221 GGG 

Total for Works 

1524035 

1026031 

2 550 0G5 

Establishment 

413 274 

256 509 

CG9782 

Tools and Plant . , 

183 322 

71 623 

255111 

Total 

2120C31 | 

13513GO 

3 474 499 

Deduct Receipts on Capital \ 
Account .. .. ) 

7 293 

4 515 

11813 

Total direct charges 

2 113 333 

1319816 

3 4G3179 

Capitalised value of abated 1 
Revenue / 

9199 

9532 

18731 

Pension and Lease allowance ... 

63 000 

Cl 127 

117127 

Loss on Exchange in England ... 

29409 

- 

29 409 

Interest during Construction ... 

1011923 

1GC2312 

2 701 2G5 

Total indirect Charges 

1133631 

173G00I 

2 SCO 632 

Total Cost 

3 2IC8G4 

3CK5 81G 

G 332 710 


These works, with slight modification, were sanction cJ as a whole 
hy the Government of India on April 9th, iSSj. 
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Orissa Canals. Extension of Irrigation sanctioned in 1883. 


Works and Extensions. 

Area 

Irrigable. 

Canal 

Distribu- 

taries. 

Village 

Channels. 

Reduced works, officially sane- l 
lioned in *876 .. . / 

Acres. 

224 308 

Wiles. 

2Z 4 a 

Miles. 

55 2 

Miles. 

154 

‘Actual works existing in 1882 

r 9 2 965 

224 j 

5 2 5 

184 

Proposed Extensions — 

Kendraparal Canal Distributaries 

35 too 

_ 

too 

33 

Do. Extension 

7 coo 

— | 

20 

7 

Patnmundi Canal 

5 * 250 

- 

170 

49 

fiobrj Canal 

54 000 

25 

179 

S 1 

High-Level canal, range I. sec. 3 

.'3 785 

- 

3 i 

*3 

„ „ II. „ 1 

40 000 

- 

9 * 

3S 

.. II- 2 

IO OOO 

- 

s 3 

9 

„ „ ii.., 3 

70 OOO 

- 

158 

66 

„ .. in. 

57 5 °° 

- 

130 

54 

Taldandah Canal Extension 

Co 028 

= 4 l 

2S2 

57 

Machgong Canal Extension . 

61 608 

=oJ 

19S 

5s 

Ily all Extension proposed 

460 271 

7 °i 

1 409 

5°5 

Wotks contemplated in 1SS2 

<*53 =36 

= 94 ] 

* 934 

589 

Works contemplated in 1867,) 
for which the head works > 
were designed .. J 

66 2 000 
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Orissa Canals. Extension of Irrigation sanctioned in 1883 . 


Works and Extensions. 

Area 

Irrigable. 

Canal 

Distribu- 

taries. 

Village 

Channels. 

Reduced works, officially sane- ) 
tioned in 1876 . / 

Acres. 

224308 

Miles. 

224! 

Miles. 

55= 

Miles. 

154 

' Actual works existing in 1 88a ^ 

192 965 

224 % 

5=5 

184 

Proposed Extensions — 

Kendraparal Canal Distributaries 

35 *00 

_ 

TOO 

33 

Do Extension 

7 000 

- 

20 

7 

Tatamundi Canal 

51 2 S 0 

- 

170 j 

49 

Oobri Canal 

54°©° 

25 

179 

51 

High-Level canal, range I. sec. 3 

.'3 785 

- 

31 

T 3 

„ IL „ » 

40 OOO 

- 

9» 

38 

„ „ II. 2 

Io OOO 

- 

=3 

9 

„ .. ii . 3 

70 OOO 

- 

r 5 s 

66 

„ HI- 

57 5 00 

- 

130 

54 

Taldnndah Canal Extension 

60 02S 

245 

2S2 

57 

Machgong Canal Extension 

61 608 

20] 

198 

ss 

Ily all Extension proposed 

460 271 


1 409 

5°5 

Works contemplated in 1SS2 . 

<*53 -3<* 

=94j 

* 934 

589 

Works contemplated in 1867,) 
for which the head works \ 
were designed j 

662 OOO 
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The Canals of the Bombay Presidency. 

The Jdmda Canal, in Kandcish, was commenced with an 
estimate of ^10 000, and was opened in 1869 

The Krishna Canal has its headworks at Karwar, in Sattara, 
its estimate was ^58133; in 1872, 32 miles of canal were 
finished, and 2 038 acres irrigated, yielding a revenue of ;£Q55 


The Ahmadnagar Canal ' estimated to cost ^21 041, was 
opened before 1870 

The above comprise the whole of the canals of the Bombay 
Presidency in 1872. Information about them was then very scarce. 

The accounts of the canals being mixed up with those of the 
tanks in official returns, there is some difficulty in separating 
them, as it is not always possible to discover vv hether prospectively 
the canals will be dependent mainly on storage works, tanks, and 
reservoirs, or mainly dependent on natural river supply. The 
irrigation now effected is of small extent 


Bombay Canals . — Irrigation in 1SS2-S3 


Canal. 

River 

1 of 

1 Supply. 

Dutnct 1 

Irrigated. 

1 

■8 . v 

<1 1 

4 


| 


Acres Acres 

\nc. 

Lower ra'njhra Rhcr works 

P.tnjhra 

Khandcsh 

13 117 12 627 

J 003 

Jfimda Canals 

, Girna 

^NAsik 1 

46 2SS ai 1 08a 

Kfidva River works 

Kddva 

40 373 3 * 7*3 

1 241 

Pravara Ri\er works 

Pravara 

'Ahmadna- 


| 




1 19 6S999 931 

* 74 * 

Mutha Canals 

Mutha 

iPuna 

SS 0S745 1469089 

Rev An Canal 

VAsna 

SatSra 

3812] 3624' 


Upper Man River works 

1 Man 

l »» 1 

3470. 30GO 


Chil.hU Canal 

1 Nandni 

l ! 


[ 217 

Krishna Canil 

Krishna 

1 " ! 

*7 407:5 5333 023 

1 1 



Total 

* 9**3 
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Orissa Canals. Extension of Irrigation sanctioned in 1883. 


Works and Extensions. 

Area 

Irrigable. 

Canal 

Distribu- 

taries. 

Village 

Channels. 

Reduced works, officially sane- ) 
tioned in 1876 .. .. J 

Acres. 

224 308 

Miles. 

224* 

Allies. 

552 

Milts. 

*54 

‘Actual works existing in 1882 

192 965 

224J 

525 

184 

Proposed Extensions — 





Kendraparal Canal Distributaries 

35 100 

- 

100 

33 

Do. Extension 

7 coo 

- | 

20 

7 

Patamundi Canal 

5> 2 5° 

- 

170 I 

49 . 

Gobri Canal 

54000 

25 

i?0 

5* 

High-Level canal, range I. sec. 3 

■>3 785 

- 


>3 

„ „ IT. „ 1 

40 OOO 

- 

9 1 

38 

„ II. 2 

IO OOO 

- 

23 

9 

„ n. „ 3 

70 OOO 

- 

J58 

66 

„ „ IN. 

57500 

- 

130 

54 

Taldandah Canal Extension 

60 028 

24§ 

2S2 

57 

Macbgong Canal Extension . . 

61 CoS 

20? 

19s 

5» 

Ity all Extension proposed 

460 271 

7°i 

1 409 

505 

Works contemplated in r8Sa .. 

653 s 3 6 

29*7 

* 934 

s s 9 

Works contemplated in 1867, t 
for which the headworks > 
were designed \ 

662 OOO 
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The Canals of the Bombay Presidency. 

The Jdmda Canal, in Kandeish, was commenced with an 
estimate of ^£10 000, and was opened in 1 869 

The Krishna Canal has its headworks at Karwar, in Sattara, 
its estimate was .£58133; in 1872, 32 miles of canal were 
finished, and 2 038 acres irrigated, yielding a revenue of £955. 

The Ahmadnagar Canal, estimated to cost £21 941, was 
opened before 1870. 

The above comprise the whole of the canals of the Bombay 
Presidency in 1872. Information about them was then very scarce. 

The accounts of the canals being mixed up with those of the 
tanks in official returns, there is some difficulty in separating 
them, as it is not always possible to discover whether prospectively 
the canals will be dependent mainly on storage works, tanks, and 
reservoirs, or mainly dependent on natural rhcr supply. The 
irrigation now effected is of small extent 


Bombay Canals. — Irrigation in 1882-S3 


Canal 

River 

of 

Supply. 

I Diilnct j 
Irrigated. 

n e 

1 

Ill 

< c | 



I 

■ 

Acre*. 

Acres 

Acre*. 

Lower Pa nj lira Rhcr worts 

Panjhra Khandesh 

13 117 12 G27 

I C03 

J fimda Canals 

Girna | 

>> 

46 25 a 

31 3 a8 I 0S0 

K full a Riser works 

1 Kidva 

NAsik j 

40 373 32 723 

1 241 

Pravara Rhcr wotlcs 

Prasara 

'Ahmadnv 



, 




119 65999931 

,2 741 

Mutha Canals 

Mulha 

(Puna 

85 0S7 

45 136 9 0S9 

Res An Canal 

YAsna 

ISatira 

38 » 2 ; 

3624' 

5*9 

Upper Man Rhcr works 

MAn 


3 470 , 


300 

Chikhli Canal 

Nandni 

1 .. ! 

1 S70 1 

! 1 477! 


Krishna Canal 

j Knshna 

1 " l 

27 40 ?j 

25 5333023 
l 



Total 


•9213 



limbar Canals.— 'Reputed Average Discharges in cubic feet per second of the Streams of Supply. 
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Thu discharges o! the Kldta, JMthe, and Kalih 



Bombay Canals.— Baenue Account for 1882-83 
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Krislim Canal ... 81 5G6 | 12 053 1415 037 1870? KasandTar k, proposed. 

Total I 77 TTl 967 OSS I 19451 11136 8 318 ' 
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The so-called Yerla canals arc admittedly supplied solely from 
the Nehr tank, hence they are channels of storage works. The 
Kalala Canal, in Dharwar, is apparently awaiting its tank, and 
is perhaps in the same category. 

The nature of the remaining nine canals may be judged by the 
hot weather discharges of their streams of supply. Most of these 
will probably be converted into channels from storage works, 
which should have been originally made at the same time. Their 
names arc given attached to the revenue account of the works 
for 1882-S3. 

The Mukti reservoir is evidently merely a subsidiary or sup- 
plementary work; the Pingti tank seems of doubtful nature, 
also the Mutha tank. 
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Tiie Canals of the Madras Presidency. 

The Tum&addra Canals. — The principal ficadworfcs of these 
canals consist of a weir across the rocky bed of the Tumbaddra 
at Sunkcsala, 4 500 feet in length of clear overfall ; the section 
varies, but is everywhere 8 feet broad at the top, the alternate 
stones of the coping being I foot thick, 8 feet long, and weighing 
each I A tons. The mortar used is Karnul kankar, except for 
the coping which is in Portland cement. The height varies 
from 6 to 26, averaging 18 feet ; and the highest registered flood 
rose 7$ feet over the crest 

The main features of the canal arc as follows : — The first 75 
miles arc designed to carry 3 000 cubic feet per second at the 
head, and, after parting with one-fourth of this for irrigation, to 
convey the remainder through the Mctakandal watershed cutting 
at its other extremity. There 1912*5 cubic feet per second can 
be discharged into the Kali, and 3375 carried down the con- 
tinuation of the canal. Of the 1912 5, 750 arc taken up at a 
fresh off-take at Jatur.and 375 at Rajoli, leaving 750 for irrigation 
below Kadapa. 

The minimum section of the canal in the first 75 miles has a 
bed-width of 90 feet, with 2 to I side slopes For the first 
45 miles, the fall is adapted to a maximum depth of water of 8 
feet, below the 45th to one of 9 feet The gradient of the canal 
is generally from o*3 to o 5 feet per mile, but in one or two deep 
cuttings 1*5 feet. Below the 75th mile, the natural watercourses 
of the Kali and the Kundcr become the main channel of supply. 
The 1st branch channel forms the canal from the 75th to the 
95th mile; it has a head sluice and lock at I.oeh insula, from 
which it is an irrigating channel 0 feet deep for the first 6 miles, 
with a flow of 337*5 cubic feet per second. Below that it is a 
still-water canal, of a minimum depth of s feet, and a Ixitlom 
breadth of 45 feet, hating a fall of tSo feet, oicrcomc by 7 
double and 5 single locks, of chambers 1:0 x 20; the greatest 
fall of a double lock being 21, and of a single one, 13 feet. The 
2nd branch channel forms the canal, from the Jatur Weir at the 
95th mile, to the 146th mile . it is adapted for a depth of 6 feet 
of water down to the 1st droplock at the n$th mile. The 
weir is 6 feet broad at the top, on foundations of shale ; it has 
head sluices, scourirg sluices, and an entrance lock, with a water 
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cushion below the fall. Irrigation ceases at the 130th mile. 
From the 118th to the 146th mile the canal consists of level 
reaches with 5 feet depth of water ; having 17 locks to overcome 
a fall of 188 feet, the maximum fall in any single lock being 14 
feet. The bed-width throughout is 50 feet. The 3rd branch 
channel, from the Raj oli Weir at the 1461th to the 1 80th mile, 
has also a bed-width of 50 feet, and with 5 feet of water 
will discharge 375 cubic feet per second. The Rajoli weir is 
made of limestone rubble, and built on rock ; its top thickness 
is 5 feet, its front batters 1 in 2, and its lower face is vertical. 

Across the Pcnner at Adanimayapilli are the hcadworks amt 
off-take of the projected continuation of the canal to Ncllor ; the 
weir is mostly founded on w ells in sand; 8 miles of this canal 
arc open, and supply 375 cubic feet per second for irrigation. 

The Hindri aqueduct, carrying the canal, go feet broad and 
8 feet deep, at an elevation of 32 feet over the Hindri by fourteen 
40-fcet arches, is a large work. No modules are used on 
these canals The ordinary hand sluices arc of two sizes, one 5 feet 
broad, and of 375 feet lift, the other i'5 feet wide, and 1 foot lift; 
each is worked by turning round a vertical screw that lifts a cross 
head, to which the cast-iron shutter hangs ; each turn of the screw 
raising the shutter 1 inch and being easily worked in cast-iron 
grooves by one man against an average head of water of 6 feet. 

The cost of the canal for the first 75 miles averaged £ 8 000 a 
mile, and for the rest of its course £1 900 a mile. 

This Tumbaddra project was first brought forward by Colonel 
Ilaviland ; it was carried out by the Madras Irrigation Company, 
having been commenced under the auspices of Lord Derby, ami 
sanctioned in 1861, the estimate by Government officials 
amounting to one million sterling : the hcadworks were opened, 
and water admitted, in 1864: as the works could not be com- 
pleted within the estimate, a loan of £000 000 was made to the 
company by the Government in 1866, under the condition that 
these works should be completed in July, 1871. They were 
completed by that date; 21C miles of canals and 377 miles of 
distributaries, commanding 91 567 acres, being opened. In 
1872-73, the acreage commanded was 1 56 570 acres, being in 
excess of that necessary, when taken up, to repay the 5 per 
cent, interest, namely 1 30 000 acres. The actual acreage irrigated, 
and returns up to the present time stand thus 
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In 1870-71 ... 1 478 acres, yielding ^897 
„ 1871-7* ... 99S0 „ „ 3 5U 

„ 1872-73 ... 9505 „ „ 5 020 

„ 1873-74 ...19 791 „ » 8 1 G 1 

The small acreage in 1S70-71 was due to the damage to the 
canal caused by unprecedented storms ; and for which insufficient 
escape had been provided. In 1871 this was repaired, and the 
canal improved, and in 1872 water was again admitted through- 
out the whole length of the canal, to a depth of from 2 to 5 feet. 
In 1873-74 the canal carried 375 cubic feet per second, having a 
depth of 4 feet of water throughout. 

The eventual irrigating power of this series of canals is 
assumed to be limited to 250 300 acres of rice cultivation, at a 
duty of 66 acres to 1 cubic foot per second in places where the 
waste water is lost, and of 50 where it is again taken up by the 
canal ; this is, however, on the supposition that these canals re- 
main dependent on the rainy season supplies ofthcTumbaddra ; 
should storage reservoirs be employed, as intended, to render 
the canals perennial, this acreage may be doubled 

On July 6th, 1882, these canals were purchased for the sum 
of £1 7G3 G0O, and transferred from the Madras Irrigation and 
Canal Company to the Government of Madras 

On July 18th, jS8r, a flood breached the Sunkcsala dam for 
300 feet, and the north flood bank and temporary dam were 
carried away by a high freshet in November, 1882. Navigation 
and irrigation for the year was stopped , though unusually heavy 
local rain saved the crops from ruin 

The water rates were very largely reduced on transfer to 
Government; and to holders of 50 acres in block, water is 
supplied free for the first five years, and at half-rates for the 
next five years The extension of the distributaries was com- 
menced, and will be completed probably in three years. 

The area irrigated during 1SS2-S3 was 15010 acres, and the 
revenue realised j£j 09P. It is hoped that in future the reveriue 
will repay the cost of maintenance. 

Tin: Deltaic Works of Soutijlrs India. 

The Deltaic ll'erhj. — The river at the delta-head is 

4403 feet wide, with a depth in high flood of 12 feet, and a 
2 c 
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maximum flood discharge of 284000 cubic feet per second. 
The river and its tributaries are fed by both mansuns, so that 
its supply is abundant for nine months in the year. It 
commences in the middle of June; a fuller stage commences in 
the middle of July and lasts till the end of August ; in 
September it is very low, but there is then local rain ; in 
October and November there are small freshets ; in the middle 
of November the supply culminates in very heavy floods, after 
which it diminishes gradually until March. The three months 
from March to June are the dry-stage season. 

The earliest Deltaic Irrigation Works must have here existed 
in some rough form for ages, certainly long before any perma- 
nent masonry weir or works in stone were ever made to 
regulate them in any way. The local conditions, so favourable 
to irrigation, both as regards natural disposition of the land 
and deltaic river channels and with respect to continuity of 
water-supply and local rainfall, exist nowhere else in India 
on so large a scale with equal advantages. 

In this remote period of rough irrigation, the deltaic course of 
the Kavari, below the Srinagram fork, was that of a large, well- 
defined deep river, running in an elevated ridge, and discharging 
into the sea ; while the Kalarun, or second branch of the fork 
(now the actual river), was the drainage or overflow channel 
of the delta, and was subsidiary. The local origin of irrigation 
consisted in the Kavari bursting through and overflowing its 
banks, thus giving flood irrigation in the delta in high-flood 
season, and forming high-level drainage channels as well. That 
is to say, natural causes formed both off-takes and channels of 
supply long before the Tclingi rajas made any anicuts there. 
The natural cause was the natural tendency of an elevated deltaic 
river, of tortuous course, to silt up and flood its sloping banks : 
the result was flood irrigation of a fitful, uncontrolled sort. 

The next step was doubtless due to human ingenuity or love of 
improvement. Brushwood, reeds, or matting and clay, aided by 
a small amount of excavation, were means adopted to improve 
the breaches into manageable off-takes ; while the amount of cut- 
ting must have been very small in slightly deepening these short 
breaches, or natural off-takes. The results weic at first, flood 
irrigation in parts of the delta from November to February, 



that Is for four months. Such irrigation was then amply 
sufficient for the needs of the cultivation, and may have lasted 
in this form and way for many centuries, as well-controlled 
flood-season irrigation. 

The third era was the result of natural causes ; the silting up 
of the deltaic Kavari had progressed to such an extent that its 
flood-season discharge (three to four months) failed to maintain 
sufficient waterway section to enable any dry-season discharge 
at all to pass direct into the sea. This change was a turning 
point; from this time the deltaic Kavari carried less water, 
while the supply to the Kalarun increased. In other words the 
K a la rim ceased to be a subsidiary deltaic branch ; its course 
being more direct and its fall greater, it could discharge more 
rapidly the water that the deltaic Kavan failed to pass into the 
sea ; and from the time that the Kalarun began to do so, there 
was a change of fluvial regimen, also a change in the conditions 
of flood irrigation. 

The deltaic Kavari carrying less water from the fork 
downwards, and having a diminished declivity, had become 
comparatively mild in its lowest reaches ; the crops were there 
less liable to damage from unbridled flood , the amount of water 
for the crops of a comparatively small area was enough on the 
whole; but as the Kavan at its lower end had at this period 
a reverse slope, or perhaps a dead lc\cl, for several miles in 
the lower reaches, the cropped area formerly irrigated from 
these reaches now received sufficient water. 

The cultivators in this part of the delta hence adopted 
the remedy naturally applied to a mild, shallow river channel . 
they annually made temporary matwork or brushwood dams, or 
Weirs, filled with earth or clay, these cle\atc the water-levels 
slightly, and more water is drawn off for immediate wants. Hut 
the remedy produced permanent ill-cflect in increasing the silting* 
Up of the bed of the deltaic Kavari Kventually some unusual 
flood in the main river rushed down, dnidwg itself along the 
Kalarun and the Ka\ ari , the latter from its ad\ anccd, silu d con- 
dition being unable to dispose of its share in simple flow, formed 
a breach at the narrow neck of the delta, only 17 mile* from 
the delta head ; thus forming a permanent large *|*i!l into the 
Kalarun. The whole of the irrigation on the remaining (pintles 
of the deltaic Kavari being now threatened with extinction, the 
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cultivators decide that their only safeguard consists in closing 
this large breach by a dam or anicut, thus stopping any future 
permanent outflow into the Kalarun from the upper reaches, 
beyond that of a controlled flood escape. They hence apply to 
the despotic rajah for orders to execute this intention. 

The Telingi Ament resulting marks the fourth era in the 
fluvial regimen ; the time elapsing between the first era and the 
fourth, when a large rough stone weir was first made, may have 
been twelve centuries or more, it may possibly have been as 
short as six centuries, but certainly not less. There is, however, 
yet another alternative theory generally believed, but, accord- 
ing to this author, quite untenable. It is that the Telingis 
entering Tanjor after conquest, instituted irrigation there as a 
novelty, and ordered the anicut to be made to close a 
natural old channel from the Kdvari to the Kalarun, so as to 
obtain it These Telingis came from the neighbourhood of the 
Godavari and Kistna, in the second century ; and ancient 
anicuts on rivers dating from before that time, did not exist 
there, as far as human knowledge, historical or archaeological, can 
direct; not only that, but the conditions for agriculture and 
irrigation arc generally there far less favourable than those of 
Tanjor, both as regards the single mansun rainfall, and the fitful 
nature of rivers in flood, and the convenience of periodicity of the 
Tanjor rainfall supplying the hiatus in continuity of river supply. 

In the northern provinces, storage was the natural mode of 
supporting irrigation, not river-weirs. It is also notorious that 
the anicut tanks had no flood escape- weirs; hence the invading 
Telingis probably knew nothing about anicuts until they had 
arrived in Tanjor. Even if we grant that they had not remained 
long near the Godavari, but had been driven out of Northern 
India shortly before, they probably did not bring thence any 
knowledge of stone anicuts. For these Hindus came from 
Audh, and Upper Bengal and Bahar, Gour and G ayah, where 
the rainfall was ample for the crops usually grown at that epoch 
and stone anicuts were not needed ; irrigation from shallow wells 
w as there usual. 

Setting aside this alternative theory, we will assume the more 
rational one that the Telingis caused the large anicut to be 
built of stone to meet local demands dependent on a whole 
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series of pre-existing local conditions, as before explained. The 
great rajah would even then get the traditional credit for every- 
thing, although he may have merely given the fiat or huhm. 
This principle still exists among the bureaucratic Anglo-Indian 
officials, and among the plutocratic engineering managers of 
Westminster, to the present day : both types induce people to 
term them eminent engineers, although they do not engineer; so 
did these rajahs of Tanjor and Trichinapalli ; similarly also they 
drew large profits on account of presumed eminence. 

It is difficult to assign any date to the Srinagram anicut 
Some clever archeologist may yet do it ; but this to be correct 
would be based on the actual stones, as well as on ancient 
inscriptions ; cither separately would form insufficient evidence 
of date. Any belief in its extreme antiquity is annulled by 
evidence of comparative lateness of the causes leading to its 
construction. 

There is not any useful historical detailed record of the extent 
or mode of irrigation under the control of the Tclingi anicut 

In 1804, when Tanjor was ceded to the British, the Grand 
Anicut of Srinagram was a continuous mass of rough stone or 
causeway, 1 080 feet long, 40 to 60 feet wide, and 15 to j 8 feet 
in depth ; rather irregular and of serpentine alignment. Its crest 
is (now?) about 7 feet above the bed of the KAvarL Later exami- 
nation showed that the exterior facing alone was formed of 
rough granite set in mortar, that much of the interior consisted of 
granite set in mud, and that the whole had a mud core. The 
amount of irrigation then existing must have been large, for even 
as late as 1S25, before any English weirs were made, S05 000 
acres were irrigated from the Kiivari branch, and 165000 from 
the Kalarun branch. Probably, even long before 1804, a new 
dam of earth and grass, &c, was made annually across the 
Kalarun at the delta-head to force a supply into the Kdvari ; 
for it was a constant practice between 1813 and 1S22. 

But, however rough and clumsy the whole mode, the Tanjor 
natives had in full action extensive and nearly fully dc\ eloped 
works of deltaic irrigation, of which the chief part was not the 
Grand Anicut, but consisted in a vast extent of channels of 
irrigation dc\ eloped out of natural overflow channels on the 
soundest principles of economy and utility. 

Tins system has been the parent of all subsequent de!u/e 
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irrigation in India; even some of its incidental defects, such as 
sand cores, miserably shallow foundations, packed dry stone 
talus of moderate batter, requiring annual renewal, have been 
servilely perpetuated in other works, without much exercise of 
judgment as to suitability or improvement. In fact, this was 
carried so far as to treat ignorance of Tanjor conventionalities as 
ignorance of hydraulics ; in the same way as opposition to, or 
neglect of, Westminster routine is now treated in England as 
engineering ignorance. More remarkable was the subsequent 
claim of the imitators to the deltaic irrigation of Tanjor, as 
their own doing ; an attempt that eventually was overruled. 


The English Anient of Cotton and Sim marks the fifth era in 
the fluvial regimen. Considering it as a whole, which it now is, 
it was built between 1835 and 1S45. Though these great men 
apparently were the originators of permanent deltaic weirs as 
hcaduorks. their first efforts were imitative, then tentative, and 
subjected to failure; but they were officials with plenty of 
time for maturing and improving their tentative work. The 
causes leading to their intervention in Tanjor were these. 

In 1804, Captain Caldwell, of the Engineers, had noticed the 
progressive diversion of the supply to the Kavari into the 
Kalarun at the delta-head, and foretold the annihilation of the 
deltaic Kavari as an irrigating stream, if some remedial measures 
were not taken. This meant the ruin of Tanjor. Besides tlic 
progressive continued silting-up of the bed of the Kavari branch, 
breaches occurred in flood at parts of its low embankments, and 
silt was carried over large tracts of land, thus spoiling it. In 
1806, Captain Caldwell raised the Tclingi anicut by a few feet, 
also much of the embankments. These measures for holding 
wore water in the Kavari channel and protecting the land were 
continued until about 1822; but they were unequal to Nature in 
the contest, and it became evident that a serious catastrophe 
would eventually occur, if something different were not done. 

In 182S, Captain Cotton examined the condition of the 
Kavari, and in 1829 Major Sim, of the Engineers, proposed 
scouring sluices from the Kavari into the Kalarun to remove the 
silt from the bed of the former. His proposals were carried 
out about the following dates: — 
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Dale. Sluices. Place, 

Dec. 1839 . jo vents 4'x 3' in the Tehngi anicut 

Jaa. 1851 ... 12 „ 4* x 3' at Vadavagudi 

Apr. 1832 . . ,, at Penaakovd 

Feb. 1833 .. so „ i2*x 5' near Delta head 
and 1834 . . a waste weir attached to them. 

These were exceedingly effective in reducing the level of the 
bed of the Kavari, and relieved all immediate danger of breaches 
in the embankments. 

In 1834, Captain Cotton’s proposals were made, in 7835 they 
were sanctioned and his works commenced. They consisted 
originally in a permanent weir at the delta-head, but aver the 
Kalarun branch only, to replace the old annual mud weir, and to 
force water into the Kavari. The weirwas in 1845 prolonged at 
a lower level across the Kavari branch. His expenditure was 
thus : — 

1835 ... D«38 ... Original works : weir, lock, and sluices. 

1836 ... I486 ... Rebuilding breaches made in it. 

1837 - 1001 ... ] 

183S ... 1018 ... I Subsequent improvements, and wall protect- 

1839 ... 1876 ... { ing the island at the fork. 

1840 ... 113 ... ) 

>843 ... 2491 ... Extension of works, and lowering the crest 

1845 ... 195 

1845 ... 7 271 ... Extension of weir across the Kavari branch to 

a low level, by Major Sim. 

1846 ... 2297 ... Enlargement of under-sluiers, Kalarun branch, 

and extending the apron. 

27CS2 

The complete weir, or English anicut, across the delta-head 
was then completed so as to adjust the ordinary flou- in the 
Kavari and Kalarun branches as required, to cany off excess of 
water into the Kalarun, and to clear accumulations of silt into 
it from above the river. Some alterations and repairs effected in 
1S5R and 1871 were comparatn e!y very small. The following is 
n brief description of the existing weir in its present condition. 
In the portion across the Kalarun branch, the foundation* con- 
sist of two rows of wells, 9 feet deep, and 4} feet external 


Cost. 

£ 

1715 

2333 

1107 

2396 



INDIA. 


irrigation in India ; even some of its incidental defects, such as 
sand cores, miserably shallow foundations, packed drystonc 
talus of moderate batter, requiring annual renewal, have been 
servilely perpetuated in other works, without much exercise of 
judgment as to suitability or improvement. In fact, this was 
carried so far as to treat ignorance of Tanjor conventionalities as 
ignorance of hydraulics ; in the same way as opposition to, or 
neglect of, Westminster routine is now treated In England as 
engineering ignorance. More remarkable was the subsequent 
claim of the imitators to the deltaic irrigation of Tanjor, as 
their own doing; an attempt that eventually was overruled. 


The English Anient of Cotton and Sim marks the fifth era tn 
the fluvial regimen. Considering it as a whole, which it now is, 
it was built between 1835 and 1845. Though these great men 
apparently were the originators of permanent deltaic weirs as 
hcadworks, their first efforts were imitative, then tentative, and 
subjected to failure ; but they were officials with plenty of 
time for maturing and improving their tentative work. The 
causes leading to their intervention in Tanjor were these. 

In 1804, Captain Caldwell, of the Engineers, had noticed the 
progressive diversion of the supply to the Kavari into the 
Kalarun at the delta-head, and foretold the annihilation of the 
deltaic Kavari as an irrigating stream, if some remedial measures 
were not taken. This meant the ruin of Tanjor. Besides the 
progressive continued silting-up of the bed of the Kavari branch, 
breaches occurred in flood at parts of its low embankments, and 
silt was carried over large tracts of land, thus spoiling it In 
1806, Captain Caldwell raised the Telingi anicut by a few feet, 
also much of the embankments. These measures for holding 
more water in the Kavari channel and protecting the land were 
continued until about 1822; but they were unequal to Nature in 
the contest, and it became evident that a serious catastrophe 
would eventually occur, if something different were not done. 

In 1828, Captain Cotton examined the condition of the 
Kavari, and in 1829 Major Sim, of the Engineers, proposed 
scouring sluices from the Kavari into the Kalarun to remove the 
silt from the bed of the former. His proposals were carried 
out about the following dates : — 
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Date. Sluices. Flaee. 

Dec. 1829 ... 10 vents 4'X3* in the Telingi anicut 
Jan. 1831 ... 12 „ 4' x 3' at Vadav3gudi 

Apr. 1832 .. ,, at Permakovil 

Feb. 1833 ... 20 „ 12’ x 5' near Delta head 

and 1834 ... a waste weir attached to them, 


Cost. 

£ 

1715 

2333 

1107 

2396 


These were exceedingly effective in reducing the level of the 
bed of the Kavari, and relieved all immediate danger of breaches 
in the embankments. 

In 1834, Captain Cotton’s proposals were made, in 1835 they 
were sanctioned and his works commenced. They consisted 
originally in a permanent weir at the delta-head, but over the 
Kalarun branch only, to replace the old annual mud weir, and to 
force water into the Kavari. The weir was in 1845 prolonged at 
a lower level across the Kavari branch. His expenditure was 
thus 

1835 ... 9 838 . . Original works : weir, lock, and sluices. 

1836 ... 1486 ... Rebuilding breaches made in it. 

1837 ... 1061 ... 1 

183S . 1018 ... I Subsequent improvements, and wall protect* 

1839 . 1876 ... [ ing the island at the fork. 

1840 . 113 ... ) 

1843 .. 2491 ... Extension of works, and lowering the crest. 

1845 - 105 

1845 . . 7 274 ... Extension of weir across the Kavari branch to 

a low let el, by Major Sim. 

1846 ... 2297 ... Enlargement of under-sluices, Kalarun branch, 

and extending the apron. 

27CS3 

The complete weir, or English anicut, across the delta-head 
was then completed so as to adjust the ordinary flow in the 
Kavari and Kalarun branches as required, to carry off excess of 
water into the Kalarun, and to clear accumulations of silt into 
it from above the river. Some alterations and repairs effected in 
185s and iSyt were comparatively very small. The following is 
n brief description of the existing weir in its present condition. 
In the portion across the Kalarun branch, the foundations con- 
sist of two rows of wells, 9 feet deep, and 4} feet external 
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diameter, filled with concrete; above these is brickwork 6 feet 
broad and 3 feet high to bed-level. The body-wall resting on 
this is 7 feet high in the northern section, and 5 feet 4 inches 
to 5 feet 10 inches high in the southern section. Below is a 
masonry apron 2 feet thick, and 3 1 to 40 feet broad, supported 
by a retaining wall 3 feet high, resting on wells 6 feet deep. 
Below this is a rough stone apron 12 feet broad. 

On the north bank are the off-takes of the Iyen and Pcruvelli 
channels ; on the south end of it is a masonry wall 14 feet high 
running round the point of the island of Srinagram, or delta- 
head, and continuing till it joins the portion of weir crossing the 
Kdvari branch. 

The portion across the Kdvari consists simply of a flooring 
3 feet thick, of. which the upper part is in cut stone, on the level 
of the bed of the river, resting on two rows of wells 6 feet deep 
and of 4} feet external diameter, filled with concrete. The up- 
stream side is protected by a rough stone apron 9 feet broad, 
and the down-stream side by one 21 feet broad. There is also 
a row of wells 12 feet from the flooring, intended to carry the 
rear retaining wall of a bridge, whose foundations alone have 
been built on this portion. Over the Kalarun section there is a 
narrow bridge, 6 feet wide, of 50 arches. 


The total length of the weir is as follows :• 


Over the Kalarun — 


North branch. — Sluices 
Weir 

Island 

South branch. — Sluices 
Weir 
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Delta-head. — ■Mpsonry connecting wall round 1 

delta-head / 

Over the Kavaii. — Weir Hooting between wings 

Length, excluding delta-head 


Feet. Feet. 
48) 

345 / 

660 

,ci;l ‘t* 


*95° 
4 739 


Proceeding to other works, below the delta-head, executed 
about this early period, 1835 to 1846, and in the succeeding 
twenty years till 1866, when official accounts commence in 
detail, the regulating and escape works were as follow : — 
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1830 ..Ten sluices In the Tehngi anicut 

1834.. Sluice and passage from the Ka'vari to the Vennar 

1 834.. . 1.provement of the Velar channel 

1839.. .Koviladi escape-weir 

*839. . Improvements and bridge over the Telingi anicut 

1851.. Kavari and Vennar regulators 

The following minor miscellaneous works were also 

out In the delta between 1858 and 1857: — 

1850.. Improvement of the Valavanar 
f , ...Drainage channels ., 

, t ...Escape-weir and bridge, Govinden Kalagam 

1 851.. . 1.provements of channels and their off-takes 

1852. . .1.provements of channels and embankments 

1856 .Reconstruction of Adapar weir 

„ ..Dam across the Vennar 

„ . Rendering the Muniyar navigable 
„ ...Tulnoyer Kottagam Tank distnbution ... 

„ ...Improvements of channels 



The above were all works charged to capital account. From 
the foregoing it appears that the distribution effected under 
native rule was generally allowed to remain in its pristine state, 
apart from repairs, for a long time after the English headworks 
were made. The following are the details of receipts during 
this period : — 


Year. 

Irrigated. 

Revenue 
Receipt 1 . 

B 'teo»oce° 

Total. l 

Total Rftroie 
ot Tanjoe 
DiWrvt. 


Acre*. 

£ 

£ 

£ 

£ 

»Sjo 

546 810 

— 



SRS751 

1 S 37 - 3 K 

663 3 S 6 

17 919 

14 000 

31979 

SCS 9^ 

1 S 46-47 

7°4 59» 

60913 

14 030 

C4 973 

422 331 

1856-57 

709 5°5 

37 SCO 

14 000 

61 290 

420 378 

1 S 66-67 

74 « 454 

6676G 

14000 

C97SG 

410 000 


These results prove that at least one-fourth more Imgaticn 
recovered was due directly to the headworks, besides the salvage 
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diameter, filled with concrete; above these is brickwork 6 feet 
broad and 3 feet high to bed-level. The body-wall resting on 
this is 7 feet high in the northern section, and 5 feet 4 inches 
to S feet to inches high in the southern section. Below is a 
masonry apron 2 feet thick, and 3 1 to 40 feet broad, supported 
by a retaining wall 3 feet high, resting on wells 6 feet deep. 
Below this is a rough stone apron J2 feet broad. 

On the north bank are the off-takes of the Iyen and Peruvelli 
channels ; on the south end of it is a masonry wall 14 feet high 
running round the point of the island of Srinagram, or delta- 
head, and continuing till it joins the portion of weir crossing the 
Kavari branch. 

The portion across the Kavari consists simply of a flooring 
3 feet thick, of- which the upper part is in cut stone, on the level 
of the bed of the river, resting on two rows of wells 6 feet deep 
and of 4$ feet external diameter, filled with concrete. The up- 
stream side is protected by a rough stone apron 9 feet broad, 
and the down-stream side by one 21 feet broad There is also 
a row of wells 12 feet from the flooring, intended to carry the 
rear retaining wall of a bridge, whose foundations alone have 
been built on this portion. Over the Kalarun section there is a 
narrow bridge, 6 feet wide, of 50 arches. 


The total length of the weir is as follows : — 


Over the Kalarun— 


Feet. 

North branch. — Sluices ... 48 

Weir ... 345 

Island _ 

South branch. — Sluices... m 

Weir ... 1 625 


} 

} 


Feet. 

393 

660 


Delta-head. — Mpsoniy connecting wall round 

delta-head 

Over the Kavaii. — Weir flooring between wings 


not given. 

1 95° 


Length, excluding delta-head 4 739 


Proceeding to other works, below the delta-head, executed 
about this early period, 1835 to 1846,2nd in the succeeding 
twenty years till 1S66, when official accounts commence in 
detail, the regulating and escape works were as follow : — 
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list. 


/ 

lSv)...Ten sluices in the Tchngt “"»> — 

1814-. Sluice and passage from the Kavati to the Veneat — 
1834.. Improvement ot the Veter channel ... ... 

(8iq...Koviladi escape-weit ... — 

s ' Improvemtnta and hndgc o\ct the Tchngt ament Ml 

1851. Kavari and Vennat regulators 4 '/J 2 

The following minor miscellaneous world were also carried 
out in the delta between 1858 and 18571— y 

4850... Improvement of the Valavanat 521 

..Drainage channels . . 471 

Escaoe-weir and bridge, Govwtden Kalagam ... Rsi 
'ae , " Improvements of channels and their off-takes ... 1 2M 

. ' ’ — ' .... SIM 


Rendering the Mnmyar i.4v. 6 ao.c 
'...TuInoycrKotlagam Tank dratnbntron 
...Improvements of channels 


14 630 


, . „. crc all works charged to capital account. Prom 

.J foregoing it apP« re lhat distrihotion effected und,., 


were made.' The room., 
this period 


n S»»t4lln Tol»t Re»t,. oe 

Rctcwk >t*ta- ToUJ. otT»njoi 

KeCfif**. 1 _ DttUfct, 



— ■ " ,» Vast ©tie-fourth ir-ore irri^iticn 

ThC5 c J^j^reetiy to the he»dvorVs,b«id« the 

jt^oxcrco was w 
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diameter, filled with concrete; above these is brickwork 6 feet 
broad and 3 feet high to bed-level. The body- wall resting on 
this is 7 feet high in the northern section, and 5 feet 4 inches 
to 5 feet 10 inches high in the southern section. Below is a 
masonry apron 2 feet thick, and 31 to 40 feet broad, supported 
by a retaining wall 3 feet high, resting on wells 6 feet deep. 
Below this is a rough stone apron 1 2 feet broad. 

On the north bank are the off-takes of the Iyen and Peruvelli 
channels ; on the south end of it is a masonry wall 14 feet high 
running round the point of the island of Srinagram, or delta- 
head, and continuing till it joins the portion of weir crossing the 
Kdvari branch. 

The portion across the Kavari consists simply of a flooring 
3 feet thick, of. which the upper part is in cut stone, on the level 
of the bed of the river, resting on two rows of wells 6 feet deep 
and of 4J feet external diameter, filled with concrete. The up- 
stream side is protected by a rough stone apron 9 feet broad, 
and the down-stream side by one 21 feet broad. There is also 
a row of wells 12 feet from the flooring, intended to carry the 
rear retaining wall of a bridge, whose foundations alone have 
been built on this portion. Over the Kalarun section there is a 
narrow bridge, 6 feet wide, of 50 arches. 


The total length of the weir is as follows : — 


Over the Kalarun— 


Feet. 

North branch. — Sluices ... 48 

Weir ... 345 

Island 

South branch. — Sluices... in 

Weir ... r 625 


} 

} 


Feet. 
393 
660 
1 73 6 


Delta-head. — Masonry connecting wall 
delta-head 


round j 


Over the Kavaii. — -Weir flooring between wings 


not given. 


195 ° 


Length, excluding delta-head 4 739 


Proceeding to other works, below the delta-head, executed 
about this early period, 1835 to 184G, and in the succeeding 
twenty years till 1S66, when official accounts commence in 
detail, the regulating and escape works were as follow : — 
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1830. . .Ten sluices in the Telingi anicut . 

1834 ..Sluice and passage from the Kavari to the Vennar 

1834. . .1.provement of the Vetar channel 

1839.. .Kovi!adi escape-weir 

1839.. Improvements and bridge over the Telingi anicut 

1851.. . Kavari and Vennar regulators 

The following minor miscellaneous works were also 

out in the delta between 1858 and 1857 : — 

1850.. .1.provement of the Valavanar ... 

„ .. Drainage channels 

it ...Escane-weir and bridge, Govinden Kabgam 

1851. . .1.provements of channels and their off-takes ... 

1852.. Improvements of channels and embankments ... 

1856.. Reconstruction of Adapar weir 

„ ...Dam across the Vennar 

„ ...Rendering the Muniyar navigable 

„ . .Tulnoyer Kottagam Tank distribution 

„ ...Improvements of channels 


The above were all works charged to capital account. From 
the foregoing it appears that the distribution effected under 
native rule was generally allowed to remain in its pristine state, 
apart from repairs, for a long time after the English head works 
were made. The following are the details of receipts during 
this period : — 


Year. 

Area 

Irrigated. 


pe* Mim- 

Total. 

Total Rerecoe 
of Tanjof 
Dulrkt. 


Actn. 

£ 

£ 

£ 

£ 

1830 

546820 ■ 

— 

— 


38S 751 

1 S3 7-38 1 

66S 3S6 

17 919 

14 030 

31 979 

8G89SG 

1846-47 

7°4 59* 

50913 

14030 

G4 973 

422331 

1 85 6-5 7 

709305 

37 2 GO 

14 030 

61290 

420378 

IS66-67 

74* 454 

65 ’00 

14030 

G9 7 SC 

410 030 


These results prove that at least one-fourth more irrigation 
recovered was due directly to the head works, besides the salvage 


£ 


2 306 

851 
4 992 
carried 


474 
332 
1284 
3195 
33G 
2G3 
3 351 
2C52 
2 022 

14 636 
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the Telingi anicut, at 17 miles from the delta-head ; also the 
Kuchamangal am anicut, an old native work, 8 miles below the 
head of the Vennar. These have proved inadequate. 

The more modem works are : — 


Date. 


Unknown 

Unknown 

1S68 

186S 

1870 


1877 


The Kodamurte regulators 
The Vadavagudi escape 
The Arasilhr regulators 
The Verasholen regulators 
Vetar regulator sluices 
Pawarnat and Korajar 
Pandosiar do. 

Villayar do. 

Surplus da» on Anunda 
Tirumalrajen regulator sluices 


Delta-head. 

Miles. 

26$ ; dtm of 442' 
32J ; weir of iog' 
46}; clam of 210' 
6 oJ ; dam of 133' 
32I ; 47 vents of 10 ' 
S7i 5 27 •> 

64I; 16 ,, IQ* 

6S3 i >4 » » 0 ' 

43} ; 26 „ 10' 


9945 

1C0C 

1173 

£0773 

745 

3138 


In 1880 it was proposed to construct a reservoir on the 
Bhavdni, a tributary river, to hold 27 oco million cubic feet, and 
to occupy 30 square miles, with a canal 100 miles long, which 
uould supply socco million cubic feet of water annually to the 
deltaic lands. 

In March, 1882, an expenditure of ;£G8 800 was sanctioned 
for new headworks to the Kdvari and the Vennar, as well as 
other regulators and alterations; whence it appears that the 
works of 1868 to 1877 were insufficient by themselves ; and that 
the perfect control of the distribution will not be effected before 
1887. 

When finished, the Kdvari deltaic works will have become 
English throughout in every respect. 
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KJrari Deltai: Merit. — Detail cf Irrigation. 


Chief 

C Itiie G«nwk 

*5 -» 

6 5 

S A 

| | 

{5 * 

Appro*. 

Length. 

■voaetfuj 

Proportion 

of 

Supply uVcn 
from the 
parent it ream 
■t the 
off uVc. 


Milo 

Milt*. 

Aero. 

Ter Cent. 

North from the Karan. 





Munniyar 

33«9 

50- 

34 527 



Pilavar 


40- 


.... 

Vikramanar 

6950 

io- 

12 5*4 

— 

South from the KJrari. 





Kodimurti 

3677 

4?Mo 

1148S9 



Arasilhr 

46 66 

28- 

80 102 



Vemholen 

60-50 

*5* 

55 i*5 

— 

North from the Vtnnar. 





Pillai Voikal 

aria 

io- 

8 136 



Vetir 

3a'57 

57’ 

94 54i 

37 

Shembaga 

3<i'5° 

*4* 



Ragunadi 

41*5° 

13* 

■ — 

— 

Pandalliar 

6 4 - 

20- 

21 365 

56 

Vellayar 

Cy 

20* 

35 713 

37 

South from the Vennar. 





Anunda 

22*12 

x6- 




Vadavar 

32-00- 

4 a* 

13 014 

— 

Pamaniar 

57-20 

3 o- 

33546 

16 

Korayar ... 

58-20 

40* 

113 216 

34 

Minor Channels. 





Fiosn the Kavari group 





82 489 



From the Vennar group 

— 

— 

44876 


litigated by surplus ... 


■ 

54619 
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the Telingi anicut, at 17 miles from the delta- head ; also the 
Kuchamangalam anicut, an old native work, 8 miles below the 
head of the Vennar. These have proved inadequate. 

The more modem works are : — 


Date. Dist. frcm Co>t. 

' Delta-head. £> 

Miles. 


Unknown 

. The Kodamurte regulators 

26$ ; dim 

of 442' .. 

9945 

Unknown 

. The Vadavagudi escape 

325 ; weir 

of 109' 

— 

»868 

. The Arasillar regulators 

465 ; dam of 210* ... 

160 G 

1868 

. The Verasholen regulators 

60} ; dam of 133' 

1173 

»8;o 

. Vetar regulator sluices 

32 J ; 47 vents of 10’ .. 

' 

„ 

. Pamaniar and Korayar 

571 ; 27 

„ 10'... 

£0773 

„ 

Pandosiar do. 

6-ii; 16 

„ 10'.. 

" 

VUiayar do. 

Surplus dam on Anunda 

65 i ; H 

*0'... 

745 

i »77 

. Tirumalrajen regulator sluices 

43 l: 26 

11 IC *' ••• 

3138 


In 1880 it was proposed to construct a reservoir on the 
BhavAni, a tributary river, to hold 27 oco million cubic feet, and 
to occupy 30 square miles, with a canal 100 miles long, which 
would supply 50CCO million cubic feet of water annually to the 
deltaic lands. 

In March, 1882, an expenditure of £68800 was sanctioned 
for new headworks to the Kdvari and the Vennar, as well as 
other regulators and alterations ; whence it appears that the 
works of 1868 to 1877 were insufficient by themselves ; and that 
the perfect control of the distribution will not be effected before 
1887. 

When finished, the KAvari deltaic works will have become 
English throughout in every respect. 
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Kimn Deltaic 

Worts- 

Detail of Irrigation 



7 _r 



Proportion 

Chief 

f) Ink Chinn cl i. 

* K 

Appro*. 

Length. 

d 

r, 

"E 

Supply taken 
parr nut ream 





at the 


c & 



off take. 


Mile* 

Mile*. 

Acre*. 

Per Cent. 

North from the Karari 





Munniyar .... 

33 >9 

50* 

34 5*7 


I’alavar 

447 6 

40* 

>9 501 

*— 

Vikramanar . . 

69 50 

10* 

1*5*4 

~~ 

South from the A'Jrari. 





Kodamurti 

2&n 

47‘4° 

1 14 8S9 

_ 

Arasilbr 

46 66 

28* 

So 102 

_ 

Vcrasholen 

60*50 

’ s ' 

55 >25 


North from the Vennar 





Piltai Voikal 

22 S 3 

to* 

8 136 

— 

Vctar 

3I-S7 

57‘ 

94 54i 

37 

Shcmbaga 

36-50 

»4- 

— 


Ragunadt 

4 I 'S° 

*3- 

— * 

— 

Pandalhar 

64* 

20* 

21 365 

56 

Vellayar ... ... ... 

65‘ 

20* 

35 7*3 

37 

South from the Vennar. 





Antinda 

22*12 

16* 

3865 



Vadavar 

32*00* 

42' 

13024 

— 

Pamaniar ... 

57*20 

3°‘ 

33 546 

r6 

Korayar 

58 20 

40* 

113 216 

34 

Minor Channels. 





From the Kavari group 





82 489 


From the Vennar group 

— 

— 

44876 


Irrigated by surplus .. 



54619 
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across the river, hereabout 1 8 coo feet wide, and three sets of 
sluices and locks, from which the three main channels irrigating 
the eastern, the central, and the western deltaic regions are 
supplied. The river width is broken by islands to a total length 
of 4 500 feet, on which earthen embankments connect the portions 
of masonry weir. There are also flanking embankments raising 
the earthwork to 7 000 feet in length, as well as wing walls 2 500 
feet long in all ; the masonry weir itself consists of four portions, 
altogether 1 1 946 feet long. 

The first or eastern portion is 4 940 feet long, adjoining the off* 
take for the eastern delta ; it is founded on shafts 6 feet in 
diameter, sunk 6 feet ; it is 19 feet thick, consisting of a core of 
rock sand, faced by a curtain wall 7 feet high, and 4 feet thick at 
the base, having also a masonry counter-arched fall 28 feet broad 
and 4 feet thick ; the wasteboard of cramped stone is 4 feet thick 
and 19 feet broad, the massive stone apron 80 feet broad ; on both 
flanks arc masonry wing walls and revetments; on the east flank 
a lock, undcr-sluiccs for silt, and the hcad-sluices for the eastern 
main canal. Beyond the first island, Pichaka Lanka, is the second 
portion of the weir, 2 860 feet long ; this has a core of rough 
stone, and extends to Babbcr Lanka, the second island, where are 
the head-sluices of the central main canal. The third portion of 
the masonry weir is 1 548 feet long, extending to the third island, 
Mnddur Lanka The fourth or western portion of the weir is 
2 598 feet long, and has on its western flank the hcad-sluices 
of the western main canal, a lock and under-sluices. 

The three sets of head-s!uiccs have the following dimensions : 
eastern, 1 3 vents of 6 x 8 feet ; central, 1 5 vents of 6 x SJ feet ; 
western, 15 vents 7J feet high, and of width varying from 5$ to 
6 feet. The total sections arc thus, 624 square feet, 765, and 654 J 
or, altogether, 2 043 square feet. 

Ordinarily, the river begins to rise about the middle of June, 
and remains in flood through July, August, and September; it 
falls gradually throughout October, and until December, which is 
the end of the cultivating season. The delta is fully supplied 
when the water is 3 feet above the crest of the w eir. 

The development of the canals in the three deltas did not 
follow any general plan ; but the dates of successive estimates 
sanctioned will indicate the gradual mode in which it was 
effected. The annual expenditure is given in the table. 
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In the eastern della, November, 1 849, £5 MG ; February, 1852. 
£I7G3G, November, 1 S53, £4 174 for distributaries; March, 
* S53. £ t BdJ ; June, 1S54, £1119; November, i8jC, £11734, 
but this m.is for a navigable canal for communication with the 
jxirt of Kokamda , in 1864, £8 400, which, in September, iSGS, 
was augmented to £13 120, May, 187*, £91 540, uhich included 
£40 910 for drainage ; March, 1874, £23 320. The total com* 
plot ion estimated for works alone then amounted to £1S1 400, 
besides establishment and plant. In 1882 the total was £142 000 
for works, and £70838 for establishment and plant. 

The mean supplj to the eastern delta during the cultivating 
scasqn — June to December — is 2 S26 cubic feet per second, and 
this represents the carrj mg capacity of the eastern main canal ; 
its distribution through the canals to the land is detailed in a 
subjoined table. The acreage was formerly 18S 170 acres, but 
this is non reduced to 170000. 

In the central delta one main feeder as far as Ralli existed 
before the weir was made ; the successive sanctioned expenditure 
on the canals of this area were thus November, 1 849, £3 401 ; in 
February, 1 85 2, £H 805, winch, in May, 1853, was augmented 
to £10 85)4 ; July, 1853, £1599; November, 1853, £3 840. In 
this year the works were twice greatly damaged by floods. In 
April, 1854, £i 515; April, 1855, £3 Gil. From this time until 
18G3 the expenditure was trivial ; in 18G3, £935 ; October, 1868, 
£2142 In 187S there was damage by flood ; June, 1879, 
£1285. The completion estimate of March, 1882, was fora 
total of £1 18 207, of which £92 000 was for works alone. 

The carrying capacity of, the main central canal is 1 745 
cubic 'feet per second; the former extent of irrigation in the 
central delta w’as 95 000 acres ; it will shortly be extended to 
122420 acres. The details of distribution through the canals, 
are given in the table following. 

In the western delta there was irrigation from the Weyeru 
Channel before the weir was made. The successive expendituie 
on the canals afterwards was thus: — In 1851, £7 G40 ; in 1853, 
£7 138 ; in 1854, £28704 for the Ellor Canal, and £1 251 for 
drainage channels; also, in 1854, £11320 for the Narsapur 
Canal ; in 1857, £13 484 for a canal of which only part was in 
the western delta, valued at £4 500; in 1859, £5391, and 
perhaps more ; in 1862, £8 012 ; in 1867, £10 400. After 1867 
• 2 D 
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the details appear to have taken the form of sanctioned com* 
pletion estimates as totals. In 1869, ,£10 549 was sanctioned. 
The completion estimates sanctioned in August, 1871, gave a 
total for works of ^130 464. The revised completion estimates 
of hi arch, 1882, gave a total of .£206 036, of which £153 000 
was for works alone, apart from establishment and plant. 

The extent of acreage irrigated in the western deltaic region 
was, in 1871, 202 43S acres, with intention to extend to 296 300 ; 
the future probable extension is now to 3x9580 acres, with a 
supply of 3 945 cubic feet per second passing through the main 
canal. The details of distribution, through the canals, arc given 
in the subjoined lists. 

The expenditure on the works after 1S66-67 seems to enter a 
new phase of account, as the official returns show, in mentioning 
total expenditure, which thus means total, exclusive of expen- 
diture before 1 S66-67. 

hrom the following tables it will be observed that it is intended, 
after improvement of the distribution in some parts, and a 
general improvement of the channels of the central delta, to 
extend the total irrigation to 612 000 acres ; that is an increase 
of about 60 000. The original scheme of 1847 was intended to 
apply to 615 000 acr?s, or about half the gross cultivable area 
of the delta. The area under water command is now 771 624 
acres, and the supply of water carried by the canals is enough 
for the intended area. The length of navigable communication 
will be nearly 500 miles. The project will then be treated as 
completed, any fresh extension of works being nominally 
independent. It will then have cost £1 10S S70, and will yield 
a net profit of 1 27 per cent. 

It will be noticed that the chief differences between this 
project as executed, and the original scheme as laid down by 
Major Cotton, are (1) the whole drainage of the delta is effected ; 
(2) the extension of canals for navigation ; (3) the superiority 
and completeness of the whole dcstribution. While these three 
points affect the cost, the present mode of complete account, 
including establishment charges and interest, also affect the 
figures showing cost and profit. 

He i)i a rks . — Tli c whole remains a marvel among economic 
irrigation works. Even after allowing for the low cost due to 



the very shallow fouml.it ions usually adopted in Madras, the 
project of Michael Topping should certainly not have been 
shelscd in the last century. It now supports a population of 
two million human beings, whose annual imports arc valued at 
.£.'00 000 sterling , their exports at about double that amount. 
The w*i«dom of Sir Henry Montgomery's furtherance of a scheme, 
then considered hare-brained, has been amply proved. 


Godaxan IMtau l! oris — lZ\f;nditurt on Works only from 
1 S 47 to 1867 . 


— 

lira.!- 


Central 

u„„.„ 

On all 

1 til 

work* 

I>c!t*. 

Delta. 

Delta. 

Works. 


£ 

r. 

sC 

£ 

£ 

I n 1 S 47 to 1851 

91 121 

■1911 

850 

1 OGG 

93578 


4 787 

•1491 

215SG 

G 517 

37 381 


0017 

7188 

5211 

8103 

22 752 


’ 

1G 141 

10805 

14 GG1 

41 607 




1533 

1G575 

21 277 

45 335 


' 

7 659 

10 321 

1G 135 

31015 

„ 1 S 57 - 5 S . 



4 739 

3 321 

8013 

1G 073 


... 1 

3C8 

500 

3 981 

4 855 




5 891 

441 

4 782 

11114 


. ^ 28251 

328 

1144 

G 294 

7 76G 

1 S 61 -G 2 . 


123G 

3 320 

G570 

89 380 

„ iS 6 s- 6 j . . 


2150 

4 0GG 

8135 

14 351 



2 475 

4 0G7 

4 G47 

11189 

„ 1864-65 ••• 

... 1 

1 430 

1318 

3 753 

G 507 

„ 1865-66 .. 

. l - 

239 

2G1 

1 779 

2 279 

,, 1866 -G 7 

•••! - 


141 

3187 

4 251 

Totals to 1866 

...|l2G379 

Gi 636 

83 9GG 

122 500 

397 483 
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Godavari Deltaic I J oris.- 



Position of 
Head. 

Total Length. 

Length actually 
navigable in 
1880. 

To be made 
navigable. 


Miles. 

Miles. 

Miles. 

Miles 

Eastern Delta Channels. 





Main ... 

O' 

4* I 5 

4’ 1 5 

4‘ 1 5 

Samalkot 

4'15 

34*35 

3 2 ‘94 

3 2 '94 

Kokanada 

4-i5 

z 7'35 

z 7’35 

27-35 

Mandapetta ... 

656 

i3’44 

1 3 '44 

*3‘44 

Bank 

o*8 1 

3900 

34’o 

39'oo 

Korin ga 

13-04 

24-46 

22-30 

22-30 

Injeram 

21-86 

ii-ii 

ii-ii 




15386 

i45‘*5 

I5°‘3* 

Central Delta Channels 






0 - 

8- 

8- 

8- 

Gunnaram 

8-o 

44‘ 

28- 

37*5 


80 

41 • 

35 ‘ 

35 ■ 

Amalapur 

85 

3»‘S 

27- 

3>-5 

Billakami 

22"0 

4-5 

4*5 

4-5 

Bendamur 

300 


*■ 

J 4‘ 



I43‘° 

104-5 

»3°-S 

Western Delta Channels. 





Main .. 

Kakaraparru 

O" 

6-o6 

7 ‘44 

6-o8 

10-36 

34‘3i 

6-o8 

10-36 

2S77 

6-0S 

10-36 

34'3 I 


14-88 

25 ‘7 7 

25-70 

2570 


15-06 

2-40 

2-40 

— 


16-42 

29-84 

29-84 

29‘Sf 

Eliot 

6 - o6 

40-34 

4o-34 

4034 


6-86 

*5 ’94 ’ 

*5’94 

*5*94 

Junctions, &c 

9*0 

3'54 

3 '54 

3*5 

Wcyeru, 

Undi 

I3‘22 

xp*59 

29-92 

i 5 ‘S2 

29-92 

15-82 

15-82 



214-31 

208-44 

211-91 

Totals, &c 


5*1-17 

458-45 

492-72 


Details cf Irrigatim. 


Discharge 
originally pro- 

Water to t* 
utilised. 

originally pro 

posed. 

Highest effectual 
irrigation. 

In tSS2 Acreage 
estimated 
for luture. 

Dutrpcr 
cub. ft. per 
aec. 

Cob. ft. per see. 

Cub. ft per *ec 

Acre*. 

Acre*. 

Acres. 

Acres. 






200 

66 

4 *5*5* 

4*5*5* 

37 701 

3-047 

29 000 

69 

jSi'41 

581*41 

38 761 

43 970 

44 ooo 

75 

482*3; 

482 32 

3 2 *55 

27 *5* 

28 000 

58 


6o6\jS 

40 399 

IS 591 

20 OOO 

33 

483 s 5 

483 s 5 

3 J 257 

3° 9°3 

32 OOO 

66 

*5345 

a 53'45 

16 S97 

*5 37* 

16 Soo 

66 

2913*52 

282603 

tSS 170 

168 033 

170000 

60 





I ooo 

66 

_ 

68 1* 

— 

36 583 

47 880 

70 

— 

4*3' 


24 294 

29 650 

70 

— 

447 


26 666 

3*350 

70 

— 

*79- 

- 

10 127 

12540 

70 

— 

*745- 

95 000 

97670 

122 420 

70 


12* 


* 3*3 

I OOO 

83 


*03-5 

6 000 

8 690 

8 500 

82 


487-5 

36 200 

36 946 

39 ooo 

80 

337 5 

294* 

23 800 

28 079 

28 ooo 

95 

765 

765* 

56 500 

59812 

59 °oo 

77 

682*5 

682*5 

48 200 

55 5*6 

5Sooo 

80 

487-5 

475*5 

34 200 

32 88l 

33 ooo 

69 

375* 

5*3* 

3 2 5°° 

52 972 

48 080 


75°- 

_ 612* 

58 900 

46 141 

48 ooo 

78 

3945* 

3945- 

296300 

322 360 

-319580 

81 

®®57'S 

8516* 

579 470 

588066 

612 coo | 

72 




Godavari Deltaic H'orAs. — Revenue Account and Yeaily Irrigation 




CANALS. 


407 


(rfdarari Deltaic ttWii — Outlay between 186/1-67 °rd iSS r-82. 



Predict:*, jin iSSi-Sa 

Total. 


£ 

1 

£ 

1 /fieaJ:e\'rki — 


1 


Buildings . 

021 


3G21 

a Corah and Branches 




Land 

220.' 

3S 

2 511 

Regulators 

1 2 sc 


I2S0 

I alls and ncirs 

1 72S 



1 72S 

Cross-drainage 

2 96(1 

1 315 

3 305 

Bridges 

1 701 

! (-2) 

1 759 

Escapes 

3 027 

270 

3 303 

Nawgation works . 

CJCI7 

(-06) 

G19S1 

Earthwork and miscellaneous 

59 53“ 

155 

09 092 

3 Distributaries — 




I-and ... .... 

1232 

23 | 

1 253 

Works ... 

15 750 

1 191 

10911 

Earthwork 

12 27C 

' ms 

13 271 

4 Drainage arj Protect ne Works — 




l^md . . 

1 853 

131 

19S7 

Works 

5 on*; 

1 1GC7 

G 7G5 

Earthwork 

41 002 

1 2 272 

43331 

Total 

| 211 SIC 

7 331 

222 147 

•Outlayon Expired Sanctions (till 1871) , 

! 429 907 

— 

429907 

Total on Works 

CIS 3 11 

n 

t- 

G55 075 

Total on Establishment 

302 OSC 

1 709 

1G3 795 

„ • Tools and Plant 

8545 

870 

79 4U 

„ Suspense Account 

3103 

— 

3103 

Total Outlay on Construction 

S92 07S 

9 91G 

901994 

Indirect Charges 

175 731 

1 S05 

177539 

Simple Interest 

745 090 

35 SSI 

780971 

Total Capital Outlay 

1 812 902 

47G02 

l SCO 504 


♦The expenditure up to 1871 is thus given in total : — 

Cost of Works ^£429^907 

Establishment 89 369 

Tools and Plant 


Total 


- £» 
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The Kistna Deltaic Works . — The delta commencing at 
Bezwada, 60 miles from the mouth, or 45 miles direct, is divided 
into two parts, the eastern and the western deltas, between 
which the Kistna runs in an elevated channel. The maximum 
flood-discharge at Bezwada is 736000 cubic feet per second, the 
river there being 3 900 feet wide, emerges from between two 
rocky hills ; but lower down is from if to miles wide. The 
total deltaic area is given at 1 160 square miles on each bank, 
or 2 320 in all ; but this is probably under-estimated. 

In 1766, there was some irrigation in both deltas- in the 
eastern through the Budemer and Pulleru drainage channels, 
amounting to 16611 acres ; in the western through the Tunga- 
baddra channel and others, amounting to 2355 acres ; but this 
was dependent entirely on high flood, and hence precarious, 
the supply being taken through cuts in the river bank, above 
ordinary flood level. Near the close of the century, these works 
had fallen into disrepair, and the population was scanty. 

In 1792, Major Beatson proposed to restore the cultivation 
by building a weir at Bezwada; but .apparently the first design for 
this work was made by Michael Topping, who took the needful 
levels in 1795. The disturbed state of the country was sufficient 
to prevent anything more from being done then. The famine 
of 1833-34 devastated the country and drew attention to 
irrigation in 1835. Eventually, in 1847, Major Cotton and 
Captain Lake proposed a project of irrigation, and the con- 
struction of the Bezwada weir to a height of 12 feet above 
summer level, or 19 feet above the deep bed of the river. A 
committee afterwards recommended an increase of 4 feet in 
height. Finally, in January, 1850, the Court of Directors 
sanctioned an expenditure of £150 000 on the works, of which 
about a half was to be devoted to the weir ; construction was 
begun in 1852. 

Treating the works as divided into hcadworks, eastern deltaic, 
and western deltaic works, the expenditure on them from 1S52 
to 1866-7, K given in the attached table. The whole of this 
amounted to about a quarter of a million sterling in 15 years, of 
which £6G 254, with £6434 more for establishment charges, was 
spent on hcadworks before October, 1855, when the weir was 
completed. In recent times £2 000 more was spent in improving 
them. 
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The Headicorls — The length of weir is 3 198 feet from wing 
lowing ; its crest is 6 feet wide and placed at 15} feet above the 
level of the top of the foundations, which is the ordinary summer 
level of the river. The total width of apron below the crest 
wall is 257 feet. The foundations consist of a double row of 
wells, 7 feet deep and 4I feet in diameter. There is a set 
of under-sluices at each end, in all 30 \cnts of 6 feet. The 
head-sluices at each end arc of the same dimensions, but have 
their sills 6 feet and 5 1 feel below crest level at the western 
and eastern off-take. The crest being too low for the required 
supply, a temporary dry-stone wall, 4 feet high, is annually 
built on it, and the stone is afterwards used in annual repair 
to the apron. (This is probably dry-pitching of the Madras 
type) In future, shutters will be used instead, .£13 000 having 
been granted for impjwcmcnts to hcadworks 

The history of the construction of the two sets of deltaic 
canals, is, like that of those of Godavari, far from interesting 
or instructive. The sanctions to expenditure seem to have been 
fitful, and the works to have been carried out in scraps, perhaps 
with some intention of system Hut in 1862 the Government 
ordered a complete scheme to be drawn up for the whole of the 
remaining works. Colonel Anderson estimated the necessary 
expenditure, for works only, at £309 211. At that time the 
total irrigated area was 190 OCX) acres, and the proposed works 
were intended to extend it to 470000 Hut as no complete 
scheme w'3s forwarded, the matter remained in abeyance till 
1S76 {sic in Official Report, p. 97), owing to want of establish- 
ment (engineers) and other causes. In December, 1876, fresh 
estimates for extended works were made, but not any complete 
scheme. In 1876-78 £8 234 was spent on extending the Kom- 
mamur Canal as a Famine Relief w'ork. On February 9th, 1882, 
the completion estimates of the Kistna deltaic works were sanc- 
tioned, amounting to £047 000 ; hence the works are now in 
progressfor completing the extended irrigation mentioned in the 
tabular list of channels. Nearly the whole of those channels will 
also be rendered navigable, in addition to the Budemeru drain, 37 
miles long, in the eastern delta. The present navigable length 
of canals is not mentioned, but the tonnage conveyed on them 
was 101 446 in i88o,and 121 5791 n i88r. The complete drainage 
works form an important part of the intended extension, at an 
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estimated cost of .£255 613. The supply allowed is i cubic 
foot per second to 66 acres of irrigation ; the details of supply 
through the channels are not given in the official returns ; the 
season and conditions of supply probably vary little from those 
of the Godavari works. The water rate mentioned in the returns 
is an average of three rupees an acre over the whole area. 


Kistna Deltaic Works. — Details of Irrigation. 


Channels. 

.Position o; 
Head. 

Length. 

Irrigated 
in 1876am] 
1S74. 

Intended 

Irrigation. 


Miles. 

Miles. 

Acres. 

Acres. 

Eastern Deltaic Channels — 





Main 

— 

0-64 

— 

— 

Ellor 

o 56 

4°' 

19367 

3r 000 

Ryves . . 

0 64 

21 84 

30 000 

35 000 

Masulipatam . . 

0*64 

40 09 

17 000 

34 000 

Bank 

4-64 

(37 75) 

— 

60 000 

Pulleru 

1259 

26 78 

3 s 6 39 

iro 000 

Pamurru Junction 

31 25 

0 50 


— 

Potraz 

3934 

16 64 

— 

— 

BantumiUi . 

39 i 6 





- 

76973 

*37 723 

270 000 

Western Deltaic Channels — 





Mam 



I3‘ 

— 

5 000 

Bank 

8 

4575 

17868 

7O OOQ 

Nizampatam 

13- 

27-98 

2*545 

SOOOO 

Kommamur . . 

*3* 

56-5° 

38 654 

80 OOO 


- 

143-22 

76 067 

205 OOO 

Total 

— 

3*2-95 

213 790 

475 000 




Kttfna Deltaic Works. — Revenue Account and Yearly Irrigation. 


CA,\A/S. 


•til 
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Kistna Deltaic Works. — Outlay between 1866-67 an ^ 1881-82. 


Detail. 

Previous. 

In 1881-82 

Total. 


£ 

£ 

£ 

(1) ffcadworks — 




"Works . . 

37 

- 

37 

(2) Canals and Brandies — ■ 




Land 

1242 

279 

1521 

Regulators 

6 442 

— 

5 442 

Falls and weirs ... 

1 175 

— 

1175 

Cross-drainage ... 

3 953 

2 833 

6 786 

Bridges 

2142 

79 

2 221 

Escapes 

G57 

45 

702 

Navigation works 

12 596 

1424 

14 020 

Buildings 

293 

— 

293 

Earthworks 

66 663 

4 093 

70755 

(3) Distributaries — 




Land 

72 

5 

77 

Works 

1386 

36 

1422 

Earthworks 

9 741 

(-11) 

9 730 

(4) Drainage and Protective 




Works ■— 




Earthworks 

805 

— 

305 

Total 

105 704 

8 782 

114 48G 

Outlay on expired Sanctions till 




the end of 1866-67. 

808 176 

— 

303 176 

Total on Works 

413880 

8 782 

423 662 

Total on Establishment 

104 914 

2 485 

107 429 

„ Tools and riant 

31 553 

207 

81 7C0 

„ Suspense Account ... 

5 531 

— 

5 631 

Total Outlay on Construction ... 

550 903 

11474 

567382 

Indirect charges 

43 812 

551 

41 S96 

Simple interest 

43G 359 

22 -ICC 

458825 

Total Capital Outlay 

1 one 109 

31491 1 

070 603 
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Kiiina Deltaic Wcris.— Expenditure en Werht enly lefart 1867. 


Official Year 

1 HeadtrotVt. 

Eailtm 

Delta. 


On *11 Wo>li. 

1S52 to 1S55 56 

c 

GO 201 

C 

31203 

C 

8 92G 

c 

10G433 

In 1856-57 

— 

7 835 

21 311 

29179 

» 1 S57— 5S . 

— 

6 782 

3 909 

9 G9I 

„ 1S5S-59 

— 

•1900 

1CC0 

G6G0 

„ 1859-60 

— 

7 803 

1 111 

8 419 

„ 1S60 61 

— 

10 318 

1 G7I 

11992 

„ tS6i 62 

— 

7 9C3 

5195 

13 153 

„ iS6j 63 

SCI 

7 419 

13911 

21721 

„ 1S63 64 

— 

8 530 

12 211 

20741 

„ 1864 65 

50 

4 397 

11 400 

15 817 

„ 1865 66 

790 

2 5G0 

GG73 

10023 

„ 1866 67 

ICS 

1935 

7 331 

9 487 

Total 

G7G2G 

100 205 

95 4G1 

2G3 292 


The Potuar Deltaic U’orhs . — These works are small, the delta 
being only 15 miles wide. Formerly the delta below Ncllor 
was irrigated by fioodcuts, or channels supplying a number of 
tanks; these were the Jafir Sahib, the Labur, Idur, and the 
Sarvapalli channels , the tanks, about 40 in all, are not large; 
there arc four or five comparatively large. The supply from 
the Pennar being thus very precarious, Captain dc Butts made a 
definite proposal in 1849 for making a weir and off-take at 
Ncllor In 1853 it was commenced under a sanctioned estimate 
for £8 553 ; it with its head-sluices were completed in 1857 at a 
cost of about .£9 300. It was breached in 1857, and rebuilt ; also 
again in 1858. Reconstruction began in August, 1859 ; the work 
was delayed by freshets, but was finished in March, 1862. 

In 1869 some alteration was made; in 1870 it was seriously 
damaged by a high flood and repaired. In 1874 a flood cut a 
channel round its wing-wall ; and the weir was then lengthened 
by about 500 feet. The improvements and connections with 
existing channels, enlargements of tanks and extensions of 
embankments, were made between 1857 and 1862. Further 
distribution works were carried out in 1868 and in 1876, but 
these were connected with additional storage. 

The site of this weir was badly chosen, and the results proved 
the wasteful economy of building a weir of low cost in preference 
to a better and more expensive one in the first instance. 
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The existing weir is 2 039 feet long. The old portion consists 
of a body-wall 9 feet high on 3 feet of solid foundation, resting 
on two rows of wells 9 feet deep, of 7 feet external diameter. 
There is no direct overfall, but a series of aprons 33 feet, 25 feet, 
and two of 30 feet wide, divided by retaining walls with a total 
fall of 9 feet ; and finally a loose stone apron 60 feet wide. The 
new portion of the weir has a body-wall of the same height, but 
with solid foundations 3^ feet deep and 1 1 feet broad, resting on 
wells 6 feet deep; the aprons being like those of the old portion. 
There is a set of under-sluices at each end, the northern set 
having 10 vents, and the southern set having 5 vents, all of 5 feet 
each. The original head-sluices consisted of 9 vents of 6 feet 
broad, the additional ones of 6 vents, 10 x 3J feet each ; the 
sills are 8 feet below the weir crest. The whole was built on 
the sandy bed of a river, and at a place of contracted waterway, 
in order to save in length and cost The channels arc thus : — 


Existing in 1862 

Bed Width. 

[ Irrigation 
j possible. 

Discharge 

1 Actual A\ erage Irnga- 
] tion in 1570. 




1st Crop. 

1 2nd Crop. 

Mam Channels. 

Feet. 

Acres. 

C. f. p. s. 

Acres. 

Acres. 

Main canal 

120 1 

64 000 

1 087 

— 

— 

Jafir Sahib ... 

3° | 

21950 

— 

33 000 . 

500 

Sampalii Cut 

54 

42050 

— 

21 OOO 

roo 

Distributaries. 
Labur 

21 1 

14 003 

_ 

_ j 

_ 

Idur 

12 

7 000 

■ — 


— 

Sarvapalli ... 

41 

3° 5 oS 

— 

— i 

— 

Kistnapatam 


”542 


I 800 j 

~ 


The outlay against expired sanctions mentioned in the tabic 
consisted of j£31 819 on hcadworks, and .£20 793 on channels, 
in all ,£52 G12. The remunerative character of these works 
was not permanently established till 1S77-7S. The account 
of revenue credited seems to have been that of the collector. 

The area nominally commanded by these works is 64 000 acres 
to the south of the river. The land to the north of the river is 
higher, and will be irrigated by works in course of construction 
at the Sangam weir across the Pcnnar, 20 miles above Ncllor. 
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rtnnar Deltaic Works — Details cf Cost cf Worts. 


Del ail. 

Pre\ iouj. 

[ In 1 SS 1 -S 4 . 

j Total. 

( i ) Head 'works — 

I £ 

£ 

£ 

Works .. 

; 14 373 


14 375 

( 2 ) Canals and Branches — 




Land 

2731 

— 

2 731 

Regulators 

3 491 

— 

3 491 

Falls and weirs 

G10 

; — 

G10 

Cross-drainage 

1245 


1245 

Bridges . . 

2 5G1 

— 

2 5G1 

Cscapcs - . | 

200 

— 

200 

Earthwork 

17335 

— 

17 335 

Storage works . | 

103G9 

— 

10 369 

Miscellaneous Preli- 1 

minary and small 

334 ' 

— 

334 

(,?) Distribution — 




Storage works 

1470 

— 

1470 

Land 

213 

— 

213 

Works 

1244 



1244 

Earthwork 

1319 

— 

1319 

Miscellaneous 

24 

— 

24 

( 4 ) Drainage and Protective 
Works — 




Earthwork 

12G7 



1207 

Miscellaneous and small 

34 

- 

91 

Total ... 

59822 

- 

53 HJ2 

Outlay on expired Sanctions 

52 G12 

- 

59 019 

Total on Works 

111434 

- 

111191 

Total on Establishment 

27 859 


97 859 

„ Tools and riant 

2 7HG 



„ Suspense Account ... 

808 


MM 

Total Outlay on Construction 

149880 

" 1 

119890 

Indirect Charges 

23 030 


99 1190 

Simple Interest 

90 023 


80(199 

Total Capital Outlay 

202539 

•• 1 

209 ftoil 
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Pennar Deltaic Works. — Areas irrigated from i860 to 1882. 


Year. 

1st Crop. 

2nd 

Crop. 

Year. 

1st Crop. 

2nd 

Crop. 

Year. 

1st Crop 

2nd 

Crop. 


Acres. 

Acres 


Acres. 

Acres 


Acres 

Acres, 

1860-61 

26 824 

18 

1867-68 

48 498 

179 

1874-75 

45 661 

443 

1861-62 

26 524 

202 

1868-69 

52 962 

372 

1875-76 

51367 

3 6 5 

1862-63 

28 109 

78 

1869-70 

54 i5° 

196 

1876-77 

>6531 

8 

1863-64 

31 654 

125 

1870-71 

53S S 4 

175 

i s 77-7» 51707 

5 935 

1864-65 

32 964 

121 

1871-72 

5° 747 

69 , 

1878-79 54291 

820 

1865-66 

33 543 

237 

1872-73 

50 604 

182 , 

1870-80 46 1 06 

* 25* 

1866-G7 

46 750 

I90 

>873-74 

50820 

M5 

1880- 81 

1881- S2I 

57 16 2 
57207 

549 

658 


Pennar Deltaic Works. — Revenue Account after 1877. 


Total capital outlay, 1 
exclusive of interest J 

r 877-78 

1878779 

1879-80 

1880-81 

£ 

1881-82 

£ 

165580 

165 725 

166 516 

1G6 516 

166 516 

Gross direct receipts 

9 538 

9145 

9 850 

10168 

10272 

Working expenses 

3205 

4 740 

6054 

4 273 

4 928 

Net direct revenue 

6833 

4 405 

3 796 

5 890 

6344 

Total direct and in- 1 
direct revenue - . ) 

21 433 

21 359 

22 219 ( 

23 063 

' 23133 

Deduction for revenue! 






due to former irri4 
gation works J 

10 622 

10 765 

10812 

11330 

11 301 

Net revenue due to thel ^ 
new Pennar Deltaic^ 
works ) i 






10 810 

10591 

11407 

11732 

11829 

Ditto otlicrw ise credited 

3587 

37G3 

' 3 872 

3 879 

3 871 

Simple interest 4* p c. 

6 378 

6391 

6 414 

6 430 

5 715 

Net profit 

| 3512 

1774 

1251 

3311 

3500 

Liability of works re- 1 





8 925 

presenting totalpro- > 
fitfrom beginning... j 


~ 


~ 
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Lower Kalarun Irrigation . — 'I here u,ii probably luly.iilm> 
from the lower reaches of the Kalarun In utu i» nt tiiui ** tliiuiij'li 
the Vadavar channel and four others supplying tin V« * i»iii>uii 
tank and land in the neighbourhood of it mi the ujilh bud- 
But details about it arc not forthcoming Until o/ln lal npml 
The large Vccranam tank has a bank i_' milm long, «hi<1 ><iii 
tains 5 400 million cubic feet ; it is doubth'M umi'-nl, »md rmiM 
never have been fully supplied by mere surf.u e 

When Captain Cotton diverted much of the Kahoun mppiv 
into the Kavan in 1S35 and 1836, by constnn llii/f tlx- )’nj h ii 
weir at the delta-head (see Kavari Deltaic Wni|.»), and 0 1 i)<> 
same time caused much silting up at that pt<ui‘,|ii: t ndi jymip d 
to mitigate the loss of water to existing irrigation fimu ljn luv ■ ; 
Kalarun, by constructing there a weir specially di slgm d /m ||mi 
purpose. 

The lower weir was built to a height of 6 fro t In fHifi, ii/iil 
2 feet were added in 1837 ; but in this year It was |u<-«n hid, hi 
1838 it was repaired. The estimates appear to |tav>. Jw//j 
,£13 524 and £3 093; but the cost of the weir is pi w/J ,n 
£7 374. • 

In 1856-57 the weir was extended, and a bridge* lu.uji. of 0 
cost of £15 145 In 1862 the weir was damaged again j Iff ffn{ 
much of it gave way, and it was reconstructed id 0 ml if 
£11 080 ; in 1868-69 additions were made to ft coiling //| \lt})l 

This weir, situated about 30 miles above Dcvjkohi, |)|i. /||i/l/|// 
of the Kalarun, and 67 below the delta-head, conmIsIh hf (>,// 
parts connected by an island. The dam of the noilhi m ft, iff f> 
8J feet high, in two steps each 4 feet broad, they l«it nil j p 1 1 >,f 
solid (masonry?) built on wells 6 feet deep. The dam id |/p 
southern part is similar, but its height is less by 05 fun I, 'I /)> m 
arc two masonry aprons of a total breadth of 2,| f< «| j ||/<p 
lower ends are supported by a retaining wall resting mi fmimf'l 
tions like those of the dam. The northern part has Ui Jhi/m nf 
sluices, and the southern part the same number ; cadi nil i/mi fa 
6‘fect broad, the estimated waterway of the former being / ni>t 
feet, of the latter 1 ooofeet, through sluices, and 96 feet /or Unfit 
through sluice arches. The linear distance occupied by U,„ 
island is I 285 feet. 

Two new channels were made: one the Ivorth Kaj.di Vnlfenl, 
to supply an arc3 north of the Kalarun, before dependent on four 
2 £ 
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small native channels ; the other the South Rajah Voikal, to 
supply a small area to the south of the Kalarun, in the north-east 
corner of the Kavari delta. The area dependent on the weir 
through the Vadavar channel and North Rajah Voikal was, in 
1870-71, 74617 acres The total area to north and south irri- 
gated from the weir was, from 1874 to 18 So, according to the 
following table : — 


1 

* 874-75 

1 1875-76- 1 1876-77- 1 

*877-78. 

1 1878-79- 

1S79-S0. 

Area in acres ... 
Increase of Re- : 

109 443 

! 

, 109 521 109517 

[ 108 649 

1 120 357 

1 

123 4*3 

venue due to 1 

£ 

£ 1 £ 

£ 

£ \ 

£ 

the works ... 

32 505 

26 840| 26 COO 

81 703 j 

26 043j 

33 977 


The account of these works was formerly blended with that 
of the Kavari deltaic works, to which they seem to be a most 
unfortunate adjunct, as they interfere with the carrying capacity 
of the main-drainage channel of the whole delta. Perhaps their 
abandonment would be beneficial in that respect. 

Considering these works, however, from a constructive point of 
view, their design and execution resembles a series of experi- 
ments to determine the theoretical weir just strong enough to 
stand against the conditions of the case, without any margin of 
safety. As such, they arc exceedingly interesting and instruc- 
tive. Details about the various floods and minute details about 
the works would be valuable. 

The Amcuts of Madura . — The Suruli, the principal tributary 
of the Vaiga, joining it after a course of 36 miles from Gudalur, 
is entirely utilised in the irrigation of the Kambam valley ; 
there arc ten anicuts across it, with channels and tanks ; the first 
is situated at half-a-mile from Gudalur, whence a canal on the 
left bank irrigates rice lands for 5} miles, and eventually falls 
into the Kambam tank ; the others irrigate a narrow strip of 
rice cultivation on each bank in the lower part of the Kambam 
valley. On the Vaiga itself are two masonry anlcuts, the Pcrani 
and the Chitani, situated 22 and lS miles respectively above 
the city of Madura, which arc said to have been built by two 
favourite dancing girls, favourites of one of the Naik kings of 
Madura; the channels from them arc in bad order. Below’ the 
Chitani there arc no dams, the slope of the ground allowing 
channels to be taken off without the aid of anicuts. The 
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supply of the Vaigi Is so deficient in its lower parts, in the 
Rtmnad, tint any irrigation from it is only on a very small 
scale. 

The supply of the river Gundu is very small, the local rainfall 
being only tS inches yearly , on it, cast of the town of Kamudil, 

1 8 miles from the sea, is an anicut large dam, made of loosely 
built stone ; a channel from it takes its water to the Kallavi 
lake. On the river Vaipar arc several stone anicuts, and on its 
tributaries arc storage tanks ; the amount of irrigation effected 
from these two latter rivers is unknown. 

The Anicuts of the Tanibrafnmi. — There are sc%*en anicuts 
on this river. The first is the Thalay anicut, just below the 
falls of I’apanassam, it is renewed annually with stakes and 
brushwood ; it has two channels, one 10 miles long on the 
north bank, and one 6 miles long on the south, each ending in 
a tank. The second is the Nathiani anicut, 6 miles below the 
former, it is a very ancient structure, consisting of large blocks 
of stone placed obliquely across the river, and is 468 feet long ; 
only one channel flows from it, for 12 miles on the north bank 
which irrigates 1 1 19 acres, yielding a revenue of £l 207. The 
third is the great Kannadien anicut, built of cut stone, it is 9 feet 
high, and has a top width of 6 feet ; it has also a large rough 
apron varying from 35 to 160 feet in width ; the anicut is divided 
into two pieces by a rocky island. A channel from it on the 
south side is 22 miles long, irrigates 9 574 acres, and yields a 
revenue of ^17 381 ; the Kannadien channel flows through the 
town of Scrun-Mahadevi, 9 miles west of Tcnnevclli. The 
fourth is the Kodagan anicut, six miles below the last, it is 2 287 
feet long, of cut stone roughly put together; it has one channel 
from it on the north side 10 miles long, irrigating 5433 acres, 
and yielding £6 10G of revenue. The fifth is the Palavur anicut, 
2 miles cast of the town of Scrun-Mahadevi, it is 2 532 feet long, 
its channel on the south side is 2 6 mites long, supplies 54 tanks, 
and terminates near l'alamcotta, ami irrigates 2 865 acres, 
yielding £u *1G8. At a mile and a half below the Palavur is 
the sixth or Sutamctli anicut, 2 miles cast of the town of Scrim* 
Mahadevi, divided by n rock into two portions, Its channel on 
the north side is 14 miles long, supplying two distributaries, 
passing through the town of Tcnnevclli, which Irrigates 1 S06 
acres, yielding fli 233 of revenue. 
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The seventh anicut, 18 miles below the last, is the Murdur 
anicut, 27 miles from the sea ; it is of horseshoe shape, 4 028 feet 
long, and supplies a channel on either side ; its escape weir is 
of beautifully cut stone work. Its channels run in and out of 
several large tanks, and irrigate 14400 acres, yielding a revenue 
of ;6l7700. Below this anicut arc four channels, irrigating 
4 280 acres, and yielding £4 980 of revenue. 

The total amount of irrigation effected by these native works 
is 39578 acres, yielding £ 5 G 828 ; the repairs only cost per 
cent, on the revenue. 

The estimated amount of water from this river that is utilised 
for irrigation is given in the brief account of the river Tam- 
brapurni, page 281. 

The English anicut at Srivekuntam, 12 miles below Murdur, 
will be I 380 feet long, 6 feet high, and 7 £ feet broad, founded on 
wells, it will irrigate 15000 acres on the north and 1500O on 
the south bank, and supply Tuticorin with water; it was com- 
menced in 1869, on an estimate of £83 1G0 ; in 1873 £ 7 G 878 
had been spent on construction ; it was, therefore, then probably 
nearly completed. 

In 1882-83 revised estimates were prepared for the develop- 
ment and completion of these works. The following represents 
the condition at that time : — 


Year 

| Capital Outlay. 

Charges 
of Year. 

Revenue 
of Year. 

! Irrigation. 

During 

Yea- 

I Tottl 

1st Crop. 

| 2nd Crop. 




£ 

2 5 G 3 

£ 

9 G 35 

Acres. 

1 1S770 
I 9 54 <J 

Acres. 

15 680 
T7647 


Palar Anicut — The narrative of these works in Chinghput 

and North Arkat is not a\ adablc. The following figures illus- 
trate the condition in 1S82-S3 . — 




warn 

Revenue 
of Year. 

Irrigation 

Year. 

During 

1 ^ ear. 

Total. 

of Year. 

1st Crop. 

2 nd Crop. 

1SS1-82 , 
1882-83 

£ 

(- 13933 ) 


£ 

1293 

£ 1 
11 813 j 

Acre*. 
64 560 
66 212 

Acre*. 

26 221 
20584 
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Pclandorai Amcut — Similarly also with these w orks * — 


Year 

I Capua! Oullaj 

Charge* 
of ^ ear 


| Irrigation. 


Total 

of ^ ear. 

1st Crop. 

2ml Crop. 

18S1-S2 

1882-S3 

£ ! 
2212 j 

c 

33 142 
33 331 

£ 

4 770 

£ 

527 

Acres 

2 *55 ; 
3386 j 

31 

1 74 


Buckingham Canal . — For this work completion estimates were 
forwarded in 1883. The works suffered both from drought and 
flood in this year The following arc the figures — 



| Capital Out laj. | 

ofYcar 

of*Y«r* | 



During 1 
Year 1 

Total 

Ton Mileage. 

1881- 82 

1882- 83 

£ 

15904 

£ 

473349 
489 253 

£ 

10 155 

C 

12 00G 
10 787 

*2 134 232 

11 755 375 


Note.— T he ton of measurement of 50 cubic feet is here adopted. 


Other Canals and Amcut Works of the Madras Presidency are 
grouped in reports with tanks and storage works as minor works 
of irrigation _ 

The Aniaits of Jlfatsur. 

General description of Works . — The ordinary stone dam or 
anicut in Maisur varies from 7 to 25 feet in height, it consists of 
a mass of dry rubble, faced with large stones, placed on a rocky 
site ; the front casing of stones 3 V X x 1'; the rear aprons 
of large stone blocks 9' x 3J' x 2', each stone projecting for one- 
third of its length beyond that above it, or about 2 J feet ; the 
interstices are filled with small rubble ; these works are unstable 
and leaky, allowing all the summer discharge to escape, and 
only supplying the channels in season of flood, when again they 
are easily damaged and breached ; the dams are curved and 
point up stream, having a length about double the width of the 
river, the crown is lower near the head-sluices to relieve the 
pressure against them in flood. The head-sluices consist of 
rough stone uprights, 4 or 5 feet apart with stone caps over 
them; the openings being stopped with brushwood or earth 
fifling ; they are very inefficient during floods, which frequently 
enter uncontrolled and make breaches. 

The channels are rough trenches generally following the 
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undulation of the country, and very badly levelled and set out ; 
the irrigation water is taken direct from them through cuts 
made in their banks, the escapes for surplus water are made in 
the same way ; the channels suffer much from silt brought down 
by cross-drainage, also from breaching by the same cause; 
although there are rough-stone silt dams as well as solidly 
constructed outlets at low levels for holding up and scouring 
out the silt from the channel?. 

Results . — The financial results, as shown in the tabular statis- 
tics, appear meagre in the extreme ; the causes being that not 
half the irrigated land is assessed, and that the irrigation water 
is surreptitiously taken. It appears that if all the irrigation 
were paid for, the tanks of the Maisur division would yield 
£56 900, and those of the Hassan division £8-1450 more than 
the revenue collected; or that, roughly for the whole province 
.£200 000 a year remains unrealised. 

According to paragraph 14 of Major Pearse’s letter of March 
14th, 1866, two British officials, Major Montgomery and 
Colonel Clerk, after several attempts to induce the landholders 
to pay for the water, were obliged to give it up. 

Works recently reconstructed . — The Maddur anicut, on the 
Shimsha, is founded on rock, and is 900 feet long ; it raises the 
water-level 14 feet, and feeds eight tanks ; capital outlay £9 200, 
net returns, £4 145. 

The Sriramadcvara anicut, on the Hcmavatti, completed’ in 
1870, has a length of 1 000 feet, an average height of 22 feet, 
and a delivery of 400 cubic feet per second ; outlay £35 000, 
estimated net returns £9 GOO, at a duty of 40 acres to the cubic 
foot per second supply, and a water rate of 12s. per acre; this 
gives a percentage of 27 per cent, on the capital. 

The Marchalli anicut, on the Lachmantirth, has a length of 
208 feet, and raises the water 12 feet ; outlay £2 388, estimated 
returns about 27 per cent 

Later information is not available in 1882, as the province has 
passed out of British administration. 
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The A nicuts of Afaisur. — Statistics for 1 S 64 - 65 . 


Division. 


I. — Maisur . 
II — Hassm 

III — Kaddur 
IV. — Naggir 


River* utilised. 

..Karari, Lachmantirth, Shimsha, Nugu 
..Kavari, Htmavatti, Ycgachi, Us 
branches, Shimsha 

..Vadvulti, Riranji, Kirisandi'amudram 
-The tributaries of the Tungabaddra 


AgsTegate Revenue 
length of realised 
Channels in 
Miles. 1 561 - 65 . 
461 24 025 


232 

14 S 

362 


5 910 
3 456 
3 791 


Tolal . 1 203 37 182 


I — Abstract for the Maisur Division. 



Length Measured 

Imgahlc 

Assessment 

T?»iri.nii<. 

Name of Amcut. 

of 

Dis- 

area at a 

due at the 



Channel, charge. 

duty of 

late of 15 s 

in 

From the Kitari 

Miles. 

C.ft psec. 

40 acres. 

Acre'. 

per acre. 

£ 

1864 - 65 . 

£ 

Saligram 

*3 

40 

I 600 

1200 

717 

Mirlao 

40 

15* 

6 060 

4 545 

1924 

Chanchamcattai 

24 


4920 

3 690 

1212 

Tippur 

Chikdeoraj 

22 

«3 

3 3*0 

2 490 

616 

75 

448 

17920 

13 440 

6 070 

Davrot 

8 

73 

2 920 

2190 

463 

Vijjtanaddi 

35 

240 

9 600 

7 200 

3 262 

Bangatdodi 



3 600 

2 700 

758 

Ramasamt 

3 r 

118 

4 720 

3 640 

2 369 

Do 

3° 

ir 8 


3 510 

1287 

Tallcad 

18 

153 

6 120 

4 590 

1288 

From the Lachmantirlh. 
Hanagod 

17 

335 

13400 ’ 

10 050 

1211 

Kattai Malwadi 

14 

140 

5 600 

4 200 

239 

HarganbaHi .. . . 

12 

150 

6 000 

4 500 

237 

I)o. 

*7 

224 

8 960 

6 720 

289 

Sagar \ . 

20 

— 

— 

— 

498 

Cholenhalli 

6 

— 

— 

— 

148 

From the Shimsha. 

Maddur 

12 

56 

2 240 

1680 

728 

From the Nugu. 
Lachmanpura 

4 

*3S 

5 400 

4 050 

704 




— 



Total 

462 

2677 

107 IOO 

80325 

24 025 

A\er»ge per cubic ft. per | 
second of discharge ... J _ 


.. , 

40 

^30 

£0 
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Tilt Anicuts of Afaisur. — Statistics for 1864-65 ( continued 1) 
II. — Abstract for the Hassan Division. 

Names of Rivers. 


Number of Number of Length of 
Anicuts. Channels. Channels, 
Miles. 


Yegachi 

. — 

4 

*5i 

472 

Kavari 

, 

2 

53 

2 010 

Ilimavatti . . 

— 

8 

112} 

'2 821 

Branch of Yegachi 

— 

4 

46“ 

588 

Shimsha 

— 

1 

5 

19 

Total 

*• — 

19 

232 

5 910 


III. — Abstract for the Kaddur Division, including Chikmagli 

Names of Rivers. 


Number of Number of Length of r ?,1; * j U f n 
Anicuts. Channels. Channels. re V! s «l ,n 


1864-65' 


Vedavatti 

56 

1 

75 

1 

Miles 

I20I 

£ 

3 08G 

Billah . 

■j 

23 

Biranji 

6 

6 

■3} 

340 

Kinsandisamudrara 

1 

— 

2 

7 

Total 

64 

82 

4 38 

3 456 


IV. — Abstract for the Naggar Division, Shemogah and Kaddur. 


District. 

River System. 

Number of 
Anicuts. 

Length of 
Channel. 

Revenue 
realised in 
1864 - 65 . 




Mile*. 

£ 

Sagar 

f Shcravatti ... 

\ Warda ... 

46 

. . 22 

Bit 

14 / 

878 

Naggar 

Sheravatti . . 

19 

G\ 

75 

Kaulidrug .. 

Tunga 

7 

6~ 

69 

Lakawali 

f Baddra 
| Tunga 

15 

, 0 7M 

518 

Surab 

Warda 

22 

17 

406 

Shikarpur 

j Choardi . . 

\ Warda 

s 

••• 3 

f } 

183 

Shemogah . 

Tunga 

... 22 

63 

900 

Honuahalli .. 

Tungabaddra 

3 


22 

Tcrrikcrrai .. 

Baddra . . 

4 

2 l 

5 


f Warda 

... 4 

Si ) 


Anantapur .. 

< Choardi 

4 

» > 

135 

( Shcratatti ... 

5 

11 ) 


Wastura 

Biranji 

<>\ 

773 

GOO 
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STORAGE WORKS, TANKS, LAKES AN!) WATERWORKS. 


North-Western Inihv — 

Kajputana Irrigation Works ... ... Ajmir am! Mcnvara. 

Dchli and Gurgaon Irrigation Woiks . Gurgaon and Dchli. 
North-E\stern India: — 

Agra Irrigation Works . , . Agra. 

Bandalklund Irrigation Works ... Jliansi and Hamlrjmr. 
Southern India* — 

Tanks of the Central Provinces and IJcrar. 

Tanks of the Bombay Presidency. 

Tanks of Haidarabad (Dakhan). 

Tanks of the Madras Presidency. 

Tanks of Maisur 

Waterworks of the cities of Bombay, Madras, Nagporc, Akola. 


RECLAMATION AND PROTECTIVE WORKS 
IN INDIA AND BURMAII. 


The Irrawaddi Deltaic Reclamation. 
Lahor Protective Works. 

Phillawur Protective Works. 

The Gandak Protective Works. 

The Indus Protective Works- 
The Satlaj Protective Works. 
Madras Protective Works. 
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Brief Accounts of Indian Reservoirs. 

North-Western India. 

The Rajputana Irrigation Works in Merwara and Ajmir 
consist of a number of reservoirs, or tanks, having banks 
generally of earth, though in many cases pitched or faced with 
rubble, and having masonry weirs and escapes ; they were made 
or reconstructed under the orders of Colonel Dixon, the political 
agent, and had the beneficial effect of settling the rather trouble- 
some population of those districts, and increasing it from 39 658 
in 1835 to 130282 in 1845. The cost of original works was 
according to old accounts only £24 111, from 1835 to 1846, and 
resulted in an increase of annual revenue of £11 300 in addition 
to £0 080 obtained annually till then. The following are data of 
these works according to old accounts : — 

Tank Surface. Contents, ^on*" Tan k Surface. Contents. 

Acres. Cub yard*. Acie* Acres. Cub. ya>ds. Acres 

Lusani ... 278 5614400 273 Sarnagar . 109 2934688 — 

Loharwara 161 3 900 000 — Tarwaja ... 218 387200 3 64 

Kabia .. 182 4302222 204 Rupatia . . 25 524C80 36 

Kalikankar 182 3699996 437 Gohana ... 94 2684586 250 

Duraihu... 167 4701666 — 

The extreme depths varying from i$ to 28 feet. 

In 1867 these works were examined by Captain F. J. Home, 
R.E., an officer of great experience in irrigation, and the accounts 
of their financial results, which were then considered exaggerated 
entirely readjusted : it is from his report therefore that the 
abstract of financial results given in the tabular statistics has 
been compiled. In consequence of the number of tanks, nine 
varying so considerably from that for which the more recent 
returns arc given, namely, six, it is impossible institute a 
perfect comparison between the two sets of returns ; but it is 
perfectly evident that the gross return of 47 per cent, shown by 
the older returns, maybe generally correct. It appears also, 
according to other accounts, that the total number of tanks in 
Merwara must be considerable, as they cover a total area of 
8 675 acres, and irrigate 14 826 acres of land. 

Between 1872 and 18S2 more tanks have been made (see later 
returns) ; but the name of the engineer is not given. lie made 
the following useful observations on evaporation 
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Kajftttatta Tankt. — l*tt ky r.raf oration % n'umd 1/ f/,t JZutvUtt 
r.ntfneir. 


Year *n-I Month. 


M.'W 

•! ft'sn I 

f/r; 


Utf 

Win 

>!. 

Vtini. 

lint/ A*'i 

*£*• 


T.I*T 

!>•« 









>A 





1SS2. 


f'<t. 


f"t. 

Wh. 

luy. 

thtt, 

-'H 

$0 

fl 

V* 

07 [ 



70 

May ... 

y 


3’ 

1 1 1 


7 r, 

m 

June 

3° 

» 3 

V > 

*9 

t/3 

7'> 

•4 

July 

18 

0 3 

14 

0 2 

«3 

»» 

0 , 

August 

*5$ 


*4 

<' 3 

V.2 

;fi 

(> 

September . j 

*7 

€>7 


°".3 

1 *• 

75 

9 

October ... 

1 .1. 



0 

8< 

<<7 

»7 

November 

3° 

o'O 

— 

0 

1 74 

pt 

ff. 

M 

December 

V 

04 

— 

0 

70 

17 

1883. 








January 

S’* 



"1 

! '<4 

55 

W 

February 

28 


28 

" 4 

( >7 

54 

M 

March 

y 

0 0 

V 


ft 1 

f',3 

iff 

AnnualEvaporatioi 


« 4 


48 




Annual Rainfall .. 


2-0 


30 




Annual Difference 


64 


3 8 





Note. — The depth of the evaporating water ii not given, 

Mansun from 29th June to ijth September with interval 
Kharif irrigation from 1st September to November 
Rabbi irrigation from 15th October to 10th March. 

The chief crops are Maize, Barley, Wheat, Colton and Crain, in 
this order. 

In the other states of Rajputana still under native rulers, there 
have doubtless been a large number of tanks ; and it is probable 
that Rajputana was as much developed in this respect as it\ phy- 
sical conditions and limited rainfall allowed. In Udaipur there 
are still one or two magnificent lakes, and in Manvar, Jaipur, anil 
Bhartpur, there are traces and ruins of large reservoirs. In sonic 
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cases nearly obliterated by drift sand ; the primary cause of the 
decay of these states was doubtless their proximity to the seat 
of government of the Mughal emperors, who plundered and 
devastated them ; and it would at first sight appear surprising 
that under British suzerainty they have not recovered and recon- 
structed their large and numerous reservoirs of irrigation. The 
causes are probably these : these states do not yet possess the 
confidence of the British capitalist ; and hence, in order to carry 
out extensive works, they would have to borrow from native 
bankers at an interest of to or 12 per cent., while the works 
under good management would probably eventually only pay l S, 
and in a partially developed state only 9 per cent.; in the second 
place, in order to design and execute the works really well, they 
would require the services of skilled civil engineers. On this 
latter point, difficulties are thrown in the way by British 
officialism. In former times, Englishmen and Europeans were 
prevented from entering into the service of native princes from 
fear of their using their skill in assisting in military operations 
and rebellion against the British Government : at present, 
although this fear can hardly be said to exist, the tradition still 
remains in the minds of the British political agents, many of 
whom prevent the native princes from engaging the services of 
independent Englishmen, and by persevering in this childishly 
weak policy, put an effective bar to the development of agri- 
culture, and consequently to the material progress of native 
states. 



Reservoirs in Merwara and Ajmir. — Irrigation and Financial Results . 
By Lieut. F. J. Home, RE , in 18C6. 



■-Figures marked thus <*) in columns 5 and 7 to be omitted in striking averages ; the area irrigable from the Lusam and 
Kalita tanks being very small in comparison with their cubic contents. 
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cases nearly obliterated by drift sand ; the primary cause of the 
decay of these states was doubtless their proximity to the seat 
of government of the Mughal emperors, who plundered and 
devastated them ; and it would at first sight appear surprising 
that under British suzerainty they have not recovered and recon- 
structed their large and numerous reservoirs of irrigation. The 
causes are probably these • these states do not yet possess the 
confidence of the British capitalist ; and hence, in order to carry 
out extensive works, they would have to borrow from native 
bankers at an interest of io or 12 per cent., while the works 
under good management would probably eventually only pay 18, 
and in a partially developed state only 9 per cent. ; in the second 
place, in order to design and execute the works really well, they 
would require the services of skilled civil engineers. On this 
latter point, difficulties arc thrown in the way by British 
officialism. In former times, Englishmen and Europeans were 
prevented from entering into the service of native princes from 
fear of their using their skill in assisting in military operations 
and rebellion against the British Government : at present, 
although this fear can hardly be said to exist, the tradition still 
remains in the minds of the British political agents, many of 
whom prevent the native princes from engaging the services of 
independent Englishmen, and by persevering in this childishly 
weak policy, put an effective bar to the development of agri- 
culture, and consequently to the material progress of native 
states. 



Reservoirs in Merwara and Ajmtr. — Irrigation and Financial Results. 
By Lieut F. J. Home, R.E , in 1866. 



'igwes marked thus (*) in columns 5 and 7 to be omitted in striking averages ; the area irrigable from the Lusant and 
Kabra tanks being verj small in comparison with their cubic contents. 
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North-Eastern India. 

The Dchli and Gurgaon Irrigation IFcris.— These works, con- 
sisting of lakes and reservoirs, have for their object the irrigation 
of the country south of Dehli, and in the Gurgaon and Rohtuk 
districts, a great deal of which is broken by small ranges of low 
hills. Attention was directed to these districts by the fearful 
famine of 1S60, and the Government of the Panjab then ordered 
that works should be commenced to relieve the fearful destitu- 
tion and starvation then existing , the country was therefore 
examined, and surveys and projects made by the assistant 
engineer in sole charge, for the construction of storage reservoirs 
in the Gurgaon and neighbouring districts The larger reservoirs 
and artificial lakes in the Dehli districts, originally constructed 
by the Mughal emperors, Akbar, Firoz Shah, Aurang Shah, and 
Firoz Toghlak, have been reconstructed and renewed since British 
occupation. 

The natural basins in the Dehli district are : — 

1. The Najafgarh Jhil, filled by the Sahib and its affluents 

2. The combined Kotila, Chandni, Malab, and Rajira Jhils 
These collect the drainage of the surrounding country, and 

saturate the land submerged, the water is then drawn off by 
escape channels, and the beds of the jhils arc cultivated. The 
superintendence of these works w-as originally under Mr. Batty. 

The artificial reservoirs, twenty-four in number, are formed by 
damming streams and brooks, or outfalls of natural lirtes of 
drainage ; they have weirs and escape channels ; irrigation is 
thus given to the lands above the embankment, which are 
cultivated after submersion, and to lands below- by means of 
the supply given through the channels. The names of these 
reservoirs, forming a separate charge, were : — 

In the Dehli District. 

>. Til pat. 5. Khirki. 9. Bijwasan. 

2. Palam 6. Naryanah. 10. Aurangpur. 

3. Yahii Nagar. 7. Toghlakabad, No. t. n. AmbarherL 

4. Chattarpur. 8. Toghlakabad, No 2. 12. BadlL 

In the Gurgaon* District. 

1, Thaisa. 6. Raisinah. 10 B1V111L 

2. GwalpiharL 7. BirGujar. 11. Jhand Sarai. 

3 Ghana. 8. Dahina. 12. Garhi llarsaru. 

4. Pattn Ratal. 9. Nand Rampur Bas. 13 Binarsi. • 

5. Kala. 

• Note.— I n more correct spelling, ihii ii Curgin». 




Rajpuiana Tanks. — Irrigation and Revenue in 1882-83. 


430 


INDIA. 


Net 

Revenue, 

0013 

^ sag 

CO rH 

© 

co 

© 

© 0 ©O CO © 
© -qv CO 

O 

© 

O 

© 

© 

O 

£ s 

V u 

a 

CO CO © 
ty O © 

^ CO rH CO 
^ CO H 

O 

0 

© 

© 

>23 CO © CO H O 
rH © © CO !"» CN 

cirt dd 

co 

co 

© 

co 

CO 

CO 

0 

Capital 

Outlay. 

t-©© 
OtMO 
. - OCOIM 
^ CTt-H 
'JIHH 

0 

© 

© ^ CO CO CO 0 
O O o-< (— O •-< 
HOddCOt- 
H'fltODOO 
© rH CT 

CO 

0 

0 

03 

rtf 

CO 

10 

Double 

Cropped 

. 

Sb CxWO> 
“•* """ 

JO 

0 0 0 0 N 0 

1 

1 

d 

a 

dig "”~8 

- 

N O rO O © O 

ro 

- 

3 

1 

s 0 otS 
< v~© « 

VO 

■5 

S o’ jo 


s 

© 

3 

•0 O ** N 

0 Os t'. *r 

5 m ec to 

< to *0 

O* 

2- 

© 

Cs Cv ©© 
j rf r- | ©© 

*0 

to 

© 

© 

© 

*3 

NO IO t- 
»• W« M 

O rf >- © 

1 2 2" 

00 

>0 

N rovO mnt/| 

O O rt-O >0 « 

© *0 « vjiri 

H- 

© 

ii 

U 6 

O ^ J- 

O 

M 

« ooce ©eo 

O VO rr CO IO rr 

vo to « 10 VO 

O 

rO 

0 

VO 

*0 

fc J 

pi 

0. r- 
r— O 

© 

1 1 1 1 1 1 

© 

© 

E 

55 

LI. 1 3 i 

"~^r ,° ,0 

u-S 2 2 H H 

■Ilf JUSls I 

<Sr- S«*J5%ri£, O 

•S2l w X Pto ’S^ucx A1»M o 3 jrj 


The large ear reel, were made between .8,6 and iSSi. ' Some small new tanks are included with the old tanks. 
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North-Eastern India. 

The Dehli and Gurgaon Irrigation Jl'orls. — These works, con- 
sisting oflakes and reservoirs, have for their object the irrigation 
of the country south of Dehli, and in the Gurgaon and Rohtuk 
districts, a great deal of which is broken by small ranges of low 
hills. Attention was directed to these districts by the fearful 
famine of i860, and the Government of the Panjab then ordered 
that works should be commenced to relieve the fearful destitu- 
tion and starvation then existing ; the country was therefore 
examined, and surveys and projects made by the assistant 
engineer in sole charge, for the construction of storage reservoirs 
in the Gurgaon and neighbouring districts The larger reservoirs 
and artificial lakes in the Dehli districts, originally constructed 
by the Mughal emperors, Akbar, Firoz Shah, Aurang Shah, and 
Firoz Toghlak, have been reconstructed and renewed since British 
occupation. 

The natural basins in the Dehli district are : — 

1. The Najafgarh Jhil, filled by the Sahib and its affluents. 

2. The combined Kotila, Chandni, Malab, and Rajira Jlnls 
These collect the drainage of the surrounding country, and 

saturate the land submerged; the water is then drawn off by 
escape channels, and the beds of the jhils arc cultivated. The 
superintendence of these works was originally under Mr. Batty. 

The artificial reservoirs, twenty-four in number, are formed by 
damming streams and brooks, or outfalls of natural lutes of 
drainage ; they have weirs and escape channels ; irrigation is 
thus given to the lands above the embankment, which arc 
cultivated after submersion, and to lands below by means of 
the supply given through the channels. The names of these 
reservoirs, forming a separate charge, were : — 

In the Dehli District. 

1. Tilpat. 5. Khirki. 9. Bijivasan. 

2. Palam. 6. Naryanah. 10 Aurangpur. 

3. Yahia Nagar. 7. Toghlakabid, No 1. 11. AmbarherL 

4. Chattarpur. S. Toghlakabad, No 2. 12. BadlL 

In the Gurgaon* District. 

1. Tharsa. 6. Raisinah. 10 BihuL 

2. Gwalpihari. 7. Bir Gujir. ji. Jhand Sarai. 

3. Ghana. 8. Dahina. 12. Gaihi Htrsaru. 

4. Pattn Katal. 9. Nand Rampur Bas. 13 BinarsL * 

5. Kala. 

* Note.— In more correct spelling, ibis Is Gorgansr. 
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The targe near tank, .cere made between ,8,6 and ,88,. ' Some stnall netr tanks are Included with the old tanks. 
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North-Eastern India. 

The Dclili and Gurgaon Irngatton IVorls . — These works, con- 
sisting of lakes and reservoirs, have for their object the irrigation 
of the country south of Dclili, and in the Gurgaon and Rohtuk 
districts, a great deal of which is broken by small ranges of low 
hills. Attention was directed to these districts by the fearful 
famine of 1860, and the Government of the Panjab then ordered 
that works should be commenced to relieve the fearful destitu- 
tion and starvation then existing ; the country was therefore 
examined, and surveys and projects made by the assistant 
engineer in sole charge, for the construction of storage reservoirs 
in the Gurgaon and neighbouring districts The larger reservoirs 
and artificial lakes in the Dehli districts, originally constructed 
by the Mughal emperors, Akbar, Firoz Shah, Aurang Shah, and 
Firoz Toghlak, have been reconstructed and renewed since British 
occupation. 

The natural basins in the Dehli district arc : — 

1. The Najafgarh Jhil, filled by the Sahib and its affluents. 

2. The combined Kotila, Chandni, Malab, and Rajira Jhils 
These collect the drainage of the surrounding country, and 

saturate the land submerged , the water is then drawn off by 
escape channels, and the beds of the jhils arc cultivated. The 
superintendence of these works was originally under Mr. Batty. 

The artificial reservoirs, twenty-four in number, arc formed by 
damming streams and brooks, or outfalls of natural lutes of 
drainage ; they have weirs and escape channels ; irrigation is 
thus given to the lands above the embankment, which arc 
cultivated after submersion, and to lands below by means of 
the supply given through the channels The names of these 
reservoirs, forming a separate charge, were : — 

In the Dehli District. 

Tilpat. 5* Khirki. 9. BijVasan. 

2. Palam. 6. Naryanah. 10 Aurangpur. 

3. Yahia Nagar. 7. Toghlakabad, No 1. n. AmbaiherL 

4 Chattarpur. S. Toghlakabad. No. 2. 12. BadlL 

In the Gurgaon* District. 

1. Tharsa. 6 Raisinah. 10. Bihui. 

2. GwalpiharL 7. Birpujar. 11. Jhand Sarai. 

3. Ghana. 8. Dahina. 1 2. Garhi Harsam. 

4. Pattn Ratal. 9- Nand Rampur Bas. 13 BinarjL ■ 

5. Kala. 

• Note.— I n more correct tpcllin£, this it Curjiow. 
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fta&idcs the aUavc-cncntioned, the others affording irrigate 
but not paying water rate, were : — 

Dthli District. 

Talkatora. Shikargah. 

Narjanah. Basantnagar. 

Malcha. Hauzkhas. 

Mah]talpur. Huwayunpur. 

Ifarjokri Saltanpur. 

Also at some of the places and villages mentioned there ai 
two rcscr\oirs ; and some of these supply irrigation to lands i 
two districts. 

Noth the jhils and the storage reservoirs are entirely dependen 
for their supply on the annual rainfall, and many of them bein 
shallow, the loss from evaporation is very great : unfortunatel; 
also, several of the reservoirs constructed in and shortly aftc 
iS6i were very defective, both in level and in alignment, thei 
construction having been entrusted to native clerks of th< 
collectors’ law courts, in preference to the engineer that pro 
jeeted them, who was the author of this book. Some of thcs< 
dams were of equal height from the ground, that is, of vary 
ing crest level; others were serpentine in plan, following 
village boundaries in alignment ; these specialities, as well ar 
others more curious, being due to Mr. Ford, Deputy Com 
missioncr of Gurgaon. 

Even under these extreme disadvantages, the works paid ir 
1872-3 as much as 10} per cent., although the water rate was 
increased only two years before. Of the total acreage irrigatec 
in 1872-73, to 919 acres were under crops, three-quarters oi 
which were wheat, and 168 acres in grass; 7 666 acres being 
supplied by the resetvoits, and 3 421 acres by the natural jhils 
The estimated value of the crops of the year was £40 207, 
irrespective of the plantations, which at present consist ol 
I4300 trees. Later returns for iS6S to 1S7S arc given. 

In 1870 thcTilpat reservoir was removed to make way for the 
Agra Canal works. Possibly most of the rest became subsidiary 
to them after 187S ; but there is no account of it available. 

The works arc, according to figures, not very remunerative ; 
this was partly due to the interference of civil officials, collectors 
and magistrates, both with the arrangements for original 
construction and with those of payment for irrigation. 
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One of them was so aligned as not to retain any water at all 
perhaps others did. The water rates appear to have been fixed 
not on fair principles, but at will, at rates of 3 annas and 0 
annas an acre, or fivcpence to tcnpencc. At other places, where 
natives were the real, not the nominal landholders, the rates 
have been fixed by the collectors at qnc-fourth the produce 
generally, or at a half on waste land irrigated and leased. 

The only remedy for such difficulties would be to forbid . 
British officials from holding land anywhere in India, cither in 
their own names or the names of natives ; and to subject them 
to instant dismissal for breach of this rule, or for neglecting to 
aid in introducing irrigation proposed by competent persons. 

The actual income from these works principally consisted in 
an enhancement of land revenue of £2 453, which was per- 
manent for several years about 1870 ; and in results from sales . 
of timber and grass, the actual water rate being small. 


Dehli and Gurgaon Storage Works. — Later Returns 


Year 

Capital 

Account 

Repairs and 
Working , 
Expenses 

Gross Total 
Income. 

Irrigation 

1 

1 Annual 
| Rainfall. 


£ 

£ 

£ 

Acres 

1 Feel 

1868-69 


— 


3 o6 3 

1 i 34 

1869-70 

18 333 

1214 

— 

9746 

1 64 

1870-71 

18 383 

1779 

2 873 

839i 

1 3» 


18 383 

1 152 

2 971 



> 873-73 

18 383 

1090 

3 019 

1 1 087 



18341 

1413 

3214 





18341 

2 37G 

2 923 

9428 

— 


18311 . 

1258 

433 

8414 

- — 


18 311 

1230 

455 


— 

1877-78 

18 341 

490 

019 

2 098 

I - 


Note —The discrepancies arc due to new mode of account. 
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The Agra Irrigation Works . — These works consisted mainly 
of the Fattahpur Sikri basin, and its channels the Khairagarh 
and Barkol, which were supplied with water by the Utangan 
torrent The latter rises in Jaipur, flows through Bhartpur, and 
enters the Agra district about ^ miles cast of Fattahpur Sikri. 
The revenue derived was not only from the water that passed 
into the channels from the overflow of the Utangan, but from 
the cultivation of a portion of the area of the basin itself. The 
irrigation from these works being very irregular, and objections 
having been raised against them on sanitary grounds, the works 
instead of being improved, were abandoned in 1865. At that 
time the capital outlay had amounted to £22 312, and the total 
direct income was £11 077, independently of increased land 
revenue, which probably amounted to as much more ; the yearly 
direct income varied between .£400 and £l 400, the working 
expenses from £600 to £1 200. It would appear therefore that, 
as also in the more recent case of the Agra Canal, irrigation 
from which is not to be allowed within 5 miles of Agra, there 
were some local magistrates and tax collectors having traditions 
opposed to irrigation. Latterly the irrigation from the Agra 
Canal has supplied the wants of the neighbouring districts. 

The BandalUtand Irrigation Works consisted in 1872 of five 
lakes and reservoirs in the Hamirpur, and seven in the Jhansi 
districts ; they have unfortunately remained under the control of 
the tax collectors, and little is known of the correct amount 
, of land irrigated by them ; a certain amount is irrigated free 
of water rate, although an increased land rate is levied on it 
The names of the tanks and lakes are: — 
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In Jhansu 

Miles of 

Distri- Acres 
butanes. Irrigated. 

Mites of 

DUtn- Acres 
butanes. Irrigated 

In Hamirpur. 

Kucha B ha war .. 

3* 

7 

Thannah 

•« 5 

246 

Barwa Sagar 

si 

260 

Tikaman 

.. 1 

48 

Kuchni . . 

16 

164 

Paswara tank 

.. — 

9 

Paclnvara 

11 

10 

Kirat Sagar 

•• * 

11 

— 

— 



Maddan Sagar 

- i 

IOI 

Total . 

39 

441 

Kallian Sagar 


32 

In Hamirpur, 



Bijanagar tank 
Thulbagh . . 
Bela Tal tank 

.. r 

1 

>57 

>35 

Bijanagar, three . 

• 7 

176 

Total .. 

— 

— 

Dasrapur, four 

. 2 

254 

>9* 

1 170 


The former works irrigate the land of thirteen villages, the 
latter that of sixty-one ; about three-quarters of the crops 
grown arc cereals, including rice and one-fifth sugar-cane. 
Some approximate financial results of these works will be found 
in the tabular statistics. It is in contemplation to increase the 
irrigation from these works to 22 000 acres. 

In 1882, the following were the lengths of channel from the 
respective lakes : — 

Hamirpur. Miles. Hamirpur. 

Kirat Sagar . . t [ 

Maddan Sagar. . 2 50 

Kallian Sagar ... 080 
Bijanagar ... 5-20 


Jliansi. Miles. 

Banva Sagar . . 8 

Pachwara ... tx 
Maganvara . - 10 
Kachmo 8^ 


Dastapur 
Thannah 
Tikaman 
Niagaon 
Bela Tal 


Miles. 
2 ’90 
5'20 


0*50 

6‘oo 


The amount of water expended in irrigation in 1882 varied 
from 207 7*4 to 36Z 555 cubic feet per acre of irrigation, as a 
mean between Rabbi and Kharif supply to a crop in the Jliansi 
districts; the exti ernes being 207086 to a Rabbi crop, and 
422579 to a Ivharif crop. In the Hamirpur district, the 
extremes reached were \ 06 236 and 5 507 704 cubic feet, both 
\ to Rabbi crops, per acre. The total irrigation effected in 1882-S3 


"Vivas then : — 

\ 

Kharif. 

Rahbl. 

Total. 

Acres. 

Acres. 

Acres. 

Jhadsi series ... 

... 237 

. 1 204 

... 1441 

Hamirpur series . . . 

... 76 

. I in 

... I 846 

V 




\ Total 

— 3>3 

*3>5 

3»S7 



Dandalkhand Irrigation Reservoirs . — Irrigation and Revenue. — Earlier Returns. 



a very rough indication of the real state. 
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In Jhamt. 

Miles of 

Dutri- Acres 
butanes. Irrigated. 

Miles of 

Distri- Acres 
butanes. Irrigated. 
In Hamirpur. 

Kucha Bhaivar .. 

3} 

7 

Thannah 

•• 5 

246 

Banva Sagar 

SI 

260 

Tikaman 

.. 1 

4 S 

Kuchni . . 

16 

164 

Paswara tank 

.. — 

9 

Pachwara 

1 1 

10 

Kirat Sagar 

3 

11 

_ 





Maddan Sagar 

•• 3 

IOI 

Total .. 

39 

441 

Kallian Sagar 


32 

In Hamirpur. 



Bijanagar tank 
Phulbagh ... . 

Bela Tal tank . 

. r 

1 

»57 

r 3 S 

Bijanagar, three . 

7 

176 

Total .. 

— 


Dasrapur, four . 

. 2 

254 

* 9 i 



The former works irrigate the land of thirteen villages, the 
latter that of sixty-one ; about three-quarters of the crops 
grown arc cereals, including rice and one-fifth sugar-cane. 
Some approximate financial results of these works will be found 
in the tabular statistics. It is in contemplation to increase the 
irrigation from these works to 22 coo acres. 

In 1882, the following were the lengths of channel from the 
respective lakes : — 

Jhansi. Miles. Hamirpur. Miles. Hamirpur. Miles. 

Banva Sagar . . 8 Kirat Sagar .. i* Dasiapur ... 2-90 

Pachwara ... »r Maddan Sagar . 2*50 Thannah ... 520 

Magarwara 10 Kallian Sagar ... 080 Tikaman .. 1*20 

Kachnio . . 8^ Bijanagar . . 5 20 Niagaon ... C50 

Bela Tal . . 6 00 

. The amount of water expended in irrigation in 1882 varied 
from 207714 to 362 555 cubic feet per acre of irrigation, as a 
mean between Rabbi and Kharif supply to a crop in the Jhansi 
districts; the extiemes being 207 0S6 to a Rabbi crop, and 
422 579 to a Kharif crop. In the Hamirpur district, the 
extremes reached were 106 236 and 5 507 704 cubic feet, both 
\ to Rabbi crops, per acre. The total irrigation effected in 1882-83 
\svas then : — 

\ Kharif. Rabbi. Total. 

\ Acres. Acres. Acres. 

Jhaitfli series _ 237 ... 1 204 ... 1 441 

Hanuqnur series 76 ... 1 in ... 1846 

X^Total ... 313 2 315 3 287 



anialkhani Irrigation Reservoirs. — Irrigation and Revenue. — Earlier Returns. 
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-Th«e tsoiks having been under the charge of the cohectors, the correct financial condition— even the true 
extent of irrigation — cannot be am\ cd at. The above affords a very rough indication of the real state. 



Bandalkhand Irrigation Works. — Revenue Account in Pounds Sterling , based on Assessments. 
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Net 

Trofit. 

o eo S' ^ o o' S' ^ o S' o 

. , 1 O O r-t O Cl Ci CD O »-*•*!» o CO 

'■l COCO 'r' O CO T-* CO CO *-< 1 1 

X j. sL 1 -L 1 -L 1 

Interest on 
Outlay. 

i 

320 

313 

317 

322 

32G 

337 

337 

337 

367 

337 

337 

300 

332 

X 

CM** r-i CD Q CM r iH 1 m *-< O CO 

1 *V* °P ® S 2 9 CO ^>00**** 

^ 1 f Y 1 Cl Y CM i-l Cl Cl 

Indirect 

Revenue. 

z 

255 

255 

255 

255 

130 

130 

130 

130 

130 

130 

418 

306 

306 

Direct 

Revenue. 

/ 

(-307) 

259 

434 

430 

313 

298 

531 

31C 

330 

293 

401 

• 436 

Working 

Expenses. 

£ 

520 

547 

779 

626 

633 

490 

375 

657 

440 

520 

523 

499 

Total 

Outlay, 

J. 

6955 

7203 

7 441 

8257 

8257 

8 257 

8 262 

8 262 

8 292 • 

8292 

8 292 

8 292 

Capital 
during Year. 

in i co co t i i in i i i i i 

'*<<ra coco*-H 

io'ocnco 11 1,111 

Year, 

jo O eo o\ o m « rg 
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Southern India. 

The Tanks of the Central Provinces and of Bar dir are, like those 
of Iiomba)*, comparatively few and generally of small size ; the 
Kantian reservoir project, which involves a storage reservoir 
covering 4 1 square miles, a main canal 142 miles long, and 
minor channels of 400 miles in the aggregate, is still not com- 
menced. In Barar, a fertile cotton producing province that 
would gain enormously from the advantages of irrigation, the 
tanks are few, small, and in a neglected condition : it was at one 
time imagined that any large storage projects for irrigation in 
this province would be perfectly impracticable owing to the 
configuration of the country; yet in 1870, three large storage 
reservoirs were proposed at Donad, Balapur, and Akola, as well 
as several smaller ones, by a civil engineer appointed by the 
Government of India Most of these detailed projects were then 
set aside by the provincial head of the Public Works Depart- 
ment, a military man incapable of judging about matters of 
irrigation. In this province the opposition of the magistrates to 
irrigation was so great that they turned out a civil engineer from 
a rest-house, while helpless from choleraic attack, in the hope of 
cndmg’him Under more enlightened auspices, Barar would have 
become a well irrigated and permanently prosperous province. 

Between 1872 and 18/8, the irrigation department of Barar 
having been abolished, the larger projects were set aside ; but 
some of the smaller projects, as well as a few village tank 
restorations, w - crp carried out by an assistant under the buildings 
department of Public Works These were - — 

Buldana Chilatda Karinji 

Sindkher Yotmal Tallagaon 

Arali Wun Shia^aon 

FattahValda Kayar Kutasa 

Amboni Chat«an Kher 

Gossir Rissod Rel 

Some small dams were also made at Akola and Balapur, in 
1873; but not in accordance with the larger projects before 
mentioned. The Nalganga and Wagdo large projects were not 
even attempted on the petty scale of village tanks; which the 
obstructive tax collectors usually permit 

Since 1S7S, the construction and restoration of village tanks 
have entirely ceased; and no irrigation works have since been 
attempted in Barar until 1SS3, or later. 
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The Tanks of the Bombay Presidency arc comparatively few, 
and there is little information about them available in 1S72. 
In the district of Nimar in the Narbada Valley, is the lake of 
Lachma, a tank three miles in circumference ; this with 105 
other tanks have been restored since the British occupation. 
Tiic Chuli tank on the Chuli ravine, and the Mandleshwur tank 
on the Chapra, both in the Narbada territory, were restored in 
1S4C by Captain Trench. 

In Gujrat a reservoir project, in connection with the Tapti, 
intended to irrigate 194000 acres, was being carried out in 1872. 

In Khandesh, a storage reservoir in the Girna Valley, and 
the Mukti rcscrioir, near Dhiilia, were then being constructed : 
the latter has a catchment basin of 50 square miles, which, with 
a rainfall of \C\ inches, will collect 477 million cubic feet, of 
which the tank will hold about 34C millions. The Hartola tank, 
in the same district, was nearly completed in 187a 

In Dharwar, the Madak tank had recently been constructed , 
and some storage works in the valley of the Ycrlu, a tributary 
of the Krishna, were being made in 1872. 

The Ekruk tank on the Adila, a tributary of the Bhima, in 
the neighbourhood of Sholapur was completed in 1S69, and 
supplied water for irrigation in 1871. 

The Mutha tank has been included among canals; also the 
Mukhti and the Pingli tanks. (Sec Canals of the Bombay 
Presidency.) 

The irrigation front tanks in 1882 is shown in the two following 
tables. Details of the Ekruk scheme, the largest of them, are 
given separately. 

Tht Larger Tanks of the Bombay Presidency. — Irrigation in 1882. 


District. 

| Tank. 

Com- 
manded. . 

Irrigable. 

Irrigated. 

1 Gross 
Receipts in 

1 1882-83. 



Acres. 

Acres 



Khandesh . . 

Hartiila 

584 

527 

101 I 

8 


Mhasva 

4 647 

2 145 

187 | 

112 

Ahmadnagar 


15 126 

12 I24 

l 023 

176 

Pun\ 

1 Matoba 

10 700 

7 133 

* 93= 

494 

\ 

Kftsurdi 

597 

478 

160 

23 

\ 

Shirsuphal . 

4 5 °° 

2 500 

200 

12 

\ 

BhAdalw5de... 

1 900 

r 5=0 

*3 1 

31 
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The larger Tanks t>f the Bombay Presidency — {continued). 


District. 

Tank. 

Com- 

manded. 

Irrigable 

Irrigated 

Gross 
Receipts in 
1SS2-S3. 



\cres 

Arrrs 

A.-r*< 

/ 

Sholapur 

Koregaon . 

[ — 



. 1 

17 


Ashti .. .. 

15 6 3* 

>3 459 

=4S 

9o 


! Ekruk ... 

*7 *49 

*5 3»8 

1 306 | 

820 

Satara . 

Nehr . 

| Maint .. 

8 510 

4 S76 

7 >59 

4 G25 

749 i 
74-’ ! 

435 

429 

Dhartrar 

D.'itnbal 


3 SS5 


38 


Muvinkop ... 



- 1 

83 


Gadikere 



- 

371 


Madag ... 

| 2 =55 


4S2 

210 


Kalali 




— 


Total ... 



7 282 | 

3 379 





Tanks Collectively tinder Supervision of Collectors. 


Collectorate. 

No of 
Tanks. 

Irrigation. 

In 1SS2-83 

Gross 
Receipts 
in >882-83. 






c 

Ahmadabad ... 


10S 

8,782 

IO 368 

1 218 

Kaira ... 

.. 

I 675 

l 5 754 

8 301 

3 019 

Broach 


20 

768 

— 

— 

Surat 

.. 

I 641 

17 848 

10 S72 

4 723 

Nasik ... 

.. 

SS9 



14 929 

Khandesh 




8 945 

0 5S0 

Ahmad nagar .. 



2 

146 

148 

33 

Puna 

. 

6 

566 

464 

422 

Sholapur 

... 

101 

* 9*5 

— 

— 

Satara... 

.. 

i 


89 

31 

Belgium 


1 055 

>5 999 

7 76S 

2 3G3 

Dhanrar 



no 176 

61 678 

11511 

Kaladgi 


32 

* 372 

S90 

MO 

Kanara 

.. 

226 



— 

Ratrtagiri 



3 

1 105 

1 105 

499 

Total ... 


9003 

250117 

13S 269 

44 581 
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The Ekruk Tank . — The following arc the data of the original 
project, which was carried out by 1\ D. Campbell, Esq., C.E. 

Catchment area I4t square miles, minimum annual rainfall 
12 inches; flood discharge of Adila River 37000 cubic feet per 
second ; a flood lasting five days gives 1 1 000 cubic feet per 
second ; fall of Adila llivcr 7 feet per mile, or 1 in 754. 

Area of resersoirGJ square miles, maximum depth Co feet. 

Contents of reservoir 2 222 millions cubic feet — Cl inches 
over catchment area. 

Calculated maximum velocity over waste weir 10 feet per 
second. Waste weir discharge 250 x 3 x jo = 12 500 cubic 
feet per second. 

Total length of dam 7 200 feet, including 2 730 feet 
masonry. Maximum height of earthwork 72 feet, or 7 feet 
above flood line. Height of masonry 3 feet above highest flood, 
exclusive of 3 feet of parapet above. 

Evaporation of 7 feet deep during eight months = 750 
millions cubic feet. 

Unutilised residue in bottom of tank 20 millions cubic feet. 

It lias three canals of discharge. 

i. The lowest, perennial 28 miles long ; its head is 20 feet 
above the level of the bottom of the tank, having a discharge of 
44 cubic feet per second, an area irrigable from it of 25 square 
miles, 8 months, 912 millions cubic feet. 

ii. The next for a four months’ supply, IS miles long, having 
a discharge of 42 cubic feet per second, an area irrigable from it 
of 21 square miles, 4 months, 435 millions cubic feet. 

iii. The next for a four months’ supply, 4 miles long, having 
a discharge of 21 cubic feet per second, an area irrigable from 
it of 10 square miles, 4 months, 217 millions cubic feet. The 
discharge of one four months' channel will be compensated by 
the mansun supply. 

The duty of water for rice alone is fixed at 96 acres per cubic 
foot per second, and that for all crops together at 1 50 

Acreage under command, 35 840 acres. 

The water rate for perennial crops is lGs., and that for one 
season crops 8s. 

The calculated cost of the works was £100 937, including 15 
per cent for establishment; the probable gross revenue will be 
eventually ;£ll 820, and the cost of maintenance £2 323, at 
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3 per cent, on the outlay ; this will yield a net revenue of 
Z9 491, or 9 per cent, on the capital expended 

The Tanks of Haidarabad arc extremely numerous, the whole 
of the eastern portion of this state, which consists of black cotton 
soil, is thickly studded with them. They arc all of the Madras 
type, similar to those of the neighbouring districts of Karnul 
and Ballari, and were in a very bad state of repair in 1S70- 
Thcre are also a few large artificial lakes, as, for instance, the 
Hosen Sagar near Sikandarabad, and traces of others, that at 
one time must have supplied a large amount of irrigation 
There is Unfortunately no information a\ailablc as to their 
number or effective power, Haidarabad being an independent 
state extremely jealous of external interference. Latterly, how- 
ever, about 1871, the Nizam had engaged the services of two or 
three English civil engineers, and it is hence very probable 
that he then commenced the repair and reconstruction of these 
tanks w ith the view of re-developing the irrigation of his province. 
Since then a permanent Fublic Works Department has been 
maintained, and though its efficiency has been much marred by 
native intrigue and parsimony, important results have been 
achieved. Details arc not available 

The Tanks of the Madras Presidency arc exceedingly numerous, 
and some of them arc of immense size. Thej were made under 
the auspices of the Telingi rajahs It is said that in the fourteen 
districts of Madras there arc 55000 tanks, having probably 
30000 miles of embankments, and 300000 separate masonry 
works, weirs, and escapes, yielding a revenue of Zl 500 000, and 
having a capital sunk in them of 15 millions sterling , yet in 1S53 
not one new tank had been made by the English, while a verj 
large proportion of them had been allowed to fall into disrepair 
The Viranam tank, a very ancient work, in Tanjor.has an area 
of 35 square miles, and an embankment miles long, it is 
still in full operation, and secures an annual revenue of /ll 45.1 
The Chembrambakam tank in Chmgliput resembles a large 
natural lake, its embankment is more than 3 miles long, and 
it has six waste weirs with a total width of 676 feet of escape ; 
it supplies 10 OOO acres of nee cultivation This tank was 
enlarged in 1SC7, at a cost of/41 000 In iSSr-S3 its capital 
account had reached Z62454 ; and the revenue for the )ear 
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was £3 205, the irrigation being 12 763 acres of first crop, and 

3 210 acres of second crop. * 

The Madrantakam tank in Chingliput yielded a gross return 
in 1872 of £l 097, and a net return of £1 007 on a capita! outlay, 
probably spent in repairs or reconstruction, of £2 248. 

The Kavari-pak tank in North Arcot is also of great antiquity ; 
it is fed from the Paler Riicr, and has an embankment nearly 

4 miles long, reveted with stone along its entire length ; it 
irrigates about 7700 acres. In 1S72 its banks were much 
damaged by an extraordinary flood, and some repairs were 
therefore made. 

In the deltas of the large rivers of Madras there is a large 
number of tanks, the irrigation from which is mixed up with that 
from the deltaic canals in the official reports and returns. These 
have ceased to be storage works in the proper sense, having 
become distributing tanks ; but there are many other large 
tanks that have not been transformed, about which there is no 
separate detailed information available. 

In 1S69, the author of this book was deputed by the Govern- 
ment of India to visit them and collect information, but was 
so soon transferred to other work that the results were small. 

The irrigation from the Madras tanks in 1SS2 is given collec- 
tively in the follow ing table : — 
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Madras Presidtncy. — Tanks and Minor. Works of Irrigation , colUclively. 


Collectorate. 

Imperial W'otVs. 

Minor Works. 

IcrigaUon 1SS2-83. j 

Total 1 

Irrigation . 
Revenue. 

Irrigation 1882-83. 

Total 

1st Crop 

2ml Crop. 

1st Crop 

2nd Crop. 

Revenue. 


Acres 

! Acres. 

c 

Acres. 

Acres. 

£ 

Ganjam 

82 476 

i M 

13 035 

1 12 280 

908 

13576 

Vizagapatam 

28511 


C 411 

18763 

— 

5 253 

Godavari 

3=3*6 

j S95 

4 480 1 

31 146 

5 2 5 

31C8 

Kistna 

22 374 


5 7G1 

16231 

66 

4 418 

Nelliir 

Il8 200 

6 379 

41087 

33 >88 

2924 

10256 

Kadapa* 

S3 j8j 

| I66OO 

241C2 

123 211 

31 224 

42145 

Karnul 

■9 84= 

| 6 670 

9688 

23 875 

4048 

7 883 

Ballari... 

28963 

II 119 

16 059 

24 347 

7 482 

7023 

Anantapur 

28 871 

| 7 405 

10582 

50 340 

.3617 

15 910 

Chingltpat 

I98 66l 

35 676 

50 999 

'26933 

tjsoj 

27532 

South Arkat* , 

1 21*534 

20382 

65 727 

142 843 

«5 306 

42 203 

North Arkat 

96 477 

22 844 

33937 

141 61 1 

54 ■(= 

50177 

Salem . 

21 926 

19 932 1 

10 475 

75 246 

67 926 

25 0S6 

Koimbatur 

SS 371 1 

40382 

51885 

10 810 

3 26S 

4 150 

Tanjor* . 1 

40 750 

2603 

10017 

32 0S9 

r S09 

6014 

Trichinopilh I 

67 572 1 

26 107 

22 572 

64 049 

20332 

16 863 

Madura . 1 

89 29S 

4SS30 

215S0 

68 547 

26 399 

12912 

Tinnev clU .. ^ 

129 369 1 

»°4 777 

103 198 

6S 8S1 

37 134 

37 050 

Old Works 


— 

13 220 

- 

- 

- 

Total 

1 3G0405 

370 410 

517 6S7 

1 >65 389 

305 006 

330 CM) 

Grand Total .. 
Land Revenue 

2 525 794 

675 4i6 

8IS563 

318 301 

— 

_ 

B 

To trl Revenue 

— 

- 1 

2 ICC SC7 

! ~ 

HI 



These fibres arc approximate. 
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The Tanks of Maisur arc of native origin ; they arc exceed- 
ingly numerous, the whole country being amply supplied with 
irrigation by many series or chains of them ; they arc, however, 
owing to the configuration of the country, of small size, excepting 
in a few eases. They arc in a \cry deteriorated condition, and 
have suffered greatly from silting up and want of repair and 
good management. The large amount of water utilised in tanks 
in Maisur, is indicated in the tables of the rivers of that province. 
It is unfortunate that the irrigated acreage due to tanks and 
anicutsarc inseparably mixed in official records. Maisur, although 
it is a plateau elevated from 2 000 to 3 000 feet above mean sea 
level, has, with the exception of the Mulnad or rainy tracts of 
the Western Ghats, a small amount ol rainfall, thus forcing water 
storage as an absolute necessity on its population ; it, on the 
other hand, has the disadvantages of a sandy, and hence leaky 
soil, and comparati\ely steep surface slopes, the longitudinal 
slopes varying from 10 to 20 feet per mile in the Hatter portions, 
and Go to So in the steeper portions of the country, and more 
rapid transverse slopes , the former enhancing the cost of storage, 
the latter diminishing the breadth of irrigation from the channels 
of distribution. Stone is abundant, and is worked into rough 
forms, though too hard to be dressed for ordinary work. It is a 
gneiss of horizontal cleavage, which splits into sheets 3 to 34 
inches thick, and 25 to 35 feet long, and is excellent for slabs 
and pillars, too hard to be dressed for ordinary work. For 
pitching, natural boulders arc used, which arc generally very 
round. Clay, on the other hand, is very rare ; and lime is 
generally to be found only at great distances, and is hence 
often dispensed with in anicuts and overfalls, which arc made to 
depend for stability on the size and position of the boulders. 

Description of an average Maisur Tank . — -Length of dam i to 
\\ miles ; 18 feet high, 12 feet top breadth, Go feet base. Front 
revetment of rough stone, with a batter of 1 to 2, its facing 1*5 
to 3 feet thick backed with the same thickness of loose rubble; ‘ 
sluices i to 3 to each tank; section of \ent 2^ feet x 2 feet, 
length 30 to 120 feet, form of section sometimes barrel-shaped, 
sometimes rectangular ; they lead off from the lowest point in 
the tank. Inlet cistern 3 feet high, 6 feet square, outlet cisterns 
the same ; plug pole and gibbed stones for orifice ; escape weirs 
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i to 4 for each tank, jo to >v> feet wide, made of the higvst 
stones, water front 3 to 9 feet deep ; dam >U>ne* j feet apart. 4; 
feet high, which when dammed give 2 feet more water; wing- 
walls 3 to 6 feet high, converging and afterward* diverging ; tail 
paved either sloping for .1 long distance or horizontal ; a lower 
stone wall is sometimes placed neuos the tail at some distance 
off to intercept some of the escape water, which is taken o'f b> 
a channel. 

Earlier Rt turns. — lit 1S53 there were 6 4 JO tanks in 
Maisur, of which 4 1 06 were large irrigating rc*crvc'ii>, 157 37 
small, and 8C09 umirigatmg, re.. in a useless condition , gw mg 
about 1 clTccti\c tank per square mile in the gross, tin aria of 
Maisur being 27 2G9 square miles, of which Co per ant js undti 
the tank system. In the seven districts of Kolar, where there 
are moderate conditions of rainfall, and no very large rt*,crv oils, 
there were 3G11 tanks, of which 2950 were irrigating, giving 
1*07 tanks to a square mile, and an approximate average quantity 
of wet cultivation of 10 acres to each tank. In the comp, natively 
rainless tract, comprising portions of six district*, on which tin 
annual rainfall varies between 10 and 20 mch< *., then vveu 1 <//y 
tanks, giving C31 irrigating tanks j>er squaii iml« and 2 5 u 
of wet cultivation as an average to each tank Atl< 1 if j ,1 In* < 
a certain amountof money was spent 111 repair.- in 1.// h«, 
ever, the Executive Engineer of the Jiang.tlur l) 1. - m i •' 
reported that fully half the tanks under las ch.ugi i\« 11 l>i« 1 
in Chittaldrug 2S5, or one-third of the recorded nuin!,< », . • 1 ■ 
of order; in Tomkur, 530 out of l 124, in .bln un , d . 
out of 4520, and in the Maisur JMis.oi* ,*,* >. .» / 1 
Hence, it appears, that there were m a 1 ! about \ 
requiring repair at a rate of £AW «.<h ,.■< / 

jCm, and that a total outlay of /WM rUU >. 1 • 

them in good order. ' 

In 1S72-73 as many as 249 tanf- >.«n I 
gation Department of Maisur is i.o« d ■ 1 

gradually, by bringing the tanVs ep *. * . > 
repair, and then handing them on r * 1 

the tax collectors; by these im.'*i* . 

Maisur will be economically br>/, - .* . 

Among the very large revrvo • > 
the Jfaggar Sulikerrai, on th»* t •• • •* 
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margin of about 40 miles, and an embankment 1 000 feet long, 
84 feet high, and Goo feet breadth of base ; the Maddak tank on 
the Vedavatti, whose embankment is t 220 feet long, and 90 feet 
high, having a breadth of base of Goo feet ; and the Motitalao, 
on a feeder of the Lokani, having an embankment 117 feet high, 
225 feet long, and a breadth of base of 375 feet. These are in 
specially favoured situations, between two hills guarding the 
outlets of large valleys. The proposed Mauri Kunawai and 
Kumbarkattai reservoirs have similar sites. 

Later information in 18S2-83 is not available, as the province 
is now under native administration as an independent state. 


Mahur Tanks ■ — Catchment Areas. 


Ki\er Bayn 

TotalLengthl . 

ofm.m Dnuisp 
linm.iih '•" 1 
th.ir A/fti- J 

OIU. by Tank*. 

Drainage 
- Area inter- 

C Knt!' y 

Tolal Are; 
of cacti 

Catchment 

Basin 

3 | Proportion 

1 of whole 
(Area under 
7 the Tank 

1 system. 

J. Kistna River .. 

{ Miles. 
6ll 

bq. miles 

4814 

Sq. miles 

6 217 

bq miles. 

11 031 

(Percentage 

56 

11 Talar 

47 

- 

> 036 

I 036 

IOO 

HI. Tenner . 

167 

334 

1 946 

2 280 

85 

IV. Tennar ... . 

32 


* 3*9 

I 541 

85 

V. Kavari 

646 

5 5*6 

5769 

II 295 

5* 

VI. Western Coast 
rivers . 

103 

I l8l 

0 

1881 

0 

Totals for Maisur ami 
Kurg 

1 1 606 

12 777 

16 287 

29 0G4 

56 

Deduct for Kurg . 

I — 

* 795 

— 

i 795 

— 

Tola! for Maisur only ... 

t 516 

10 982 

16 287 

37569 | 

60 
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Maisur Tanks. — Irrigation and Outlay. 


Feriod. 

' 

Under wet 
and Garden 
Cultivation. 

Expenditure 
on Repairs 
other than 
the Astagram 
Channels. 

Average 
yearly Outlay. 

From 1837-38 to 1841-42 

Acres. 

I 705 150 

£ 

47 018 

£ 

9 401 

„ 1842-43 1846-47 

1 849 759 

43 225 

8 645 

„ 1847-48 „ 1851-52 

2 087 929 

58 644 

11729 

1851-53 1856-57 .. 

2 l6o 309 

70 021 

14 004 

„ I857-58 ,, l86l-62 

2 169040 

80 7 G 2 

16152 

25 years’ total outlay 

- 

299670 

11937 

25 years onchannel repairs 

- 

57 537 

2 301 

25 years on tanks only . . . 

_ 

242 133 

9 636 



450 


INDIA. 


Storage Waterworks of Indian Cities. 

Bombay.* — The Vahar Reservoir , by Henry Conybeare and Walker. 

Bombay was the first of the Indian cities to carry out for 
itself waterworks on a modem system, and call in the aid of 
English civil engineers to design and superintend their 
execution. 

In 1854 Mr. Henry Conybeare determined that the Vahar 
basin, in the valley of the Goper, was adequate to the collection 
and storage of all the water that would be required for Bombay 
for some years ; the works were therefore confined to the 
formation of one artificial lake, and their execution entrusted 
to Mr. Walker, as Resident Engineer, in 1856. The catchment 
area was 3 948, and was capable of being extended by catch- 
water drains to 5 500 acres ; the annual rainfall 124 inches, of 
which it was calculated that six-tenths or 74 4 inches would be 
available, would in these eases supply 6 Goo millions, or 9000 
million gallons. The storage capacity allowed was 10800 
million gallons ; deducting from this the loss from evaporation, 
which at 6 inches per month for the eight dry months of the 
year, would amount to r 000 million gallons, the available supply 
would be 9 800 millions. As the annual rainfall on the gathering 
grounds greatly exceeded the annual consumption of Bombay, 
it was evident that the water would continue to rise in the lake 
from the commencement to the end of the rains, or for three 
months, leaving only nine months’ consumption to be provided 
for. Hence, the reserve allowed in the lake was equal to 
9 800—3 700=6 1 00 million gallons, at an allowance of twenty 
gallons per head per day for a population of 700 OOO during 
nine months, and was thus nearly equal to two years' supply. 

When filled up to the level of the waste weir, the maximum 
depth of the Vahar Lake is 80 feet ; it covers an area of 1 394 
acres, and stands t8o feet above the general level of Bombay. 
The three dams by which the water in the lake is impounded, 
are respectively 84,42, and 49 feet in extreme height, and 835, 
555, and 936 feet in extreme length at the top, and they 
altogether contain the following quantities as totals : earthwork 
406066 cubic yards; puddle, 55039; broken stone under 
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pitching, i 983 cubic yards ; and pitching, 53 617 square yards 
The top width of dam No. 1, which carries a road, is 24 feet, 
and that of the two others 20 feet ; the inner slope of all three 
embankments is 3 to 1, the outer 2} to I ; the embankments 
were specified to be formed in regular layers less than 6 inches 
thick, watered, punned, and consolidated. The puddle walls 
are 10 feet wide at the top, and batter 1 in 8 ; the trenches for 
foundations were excavated through the surface rock and past 
all surface springs into the solid basalt below , the slopes and 
tops of the dams were covered with 12 inches of stone pitching 
over 12 inches of broken stone. 

The waste weir is 358 feet long, and has a top width of 20 
feet, faced with ashlar. The water is drawn from the reservoir 
through a tower, provided with four inlets, at vertical intervals 
of 16 feet, having a diameter of 41 inches, and provided with 
conical plug scats faced with gun-metal — the plugs being 
suspended from a balcony, and worked by cranes at the top of 
the tower. The inlet in use is surmounted by a uTOUght-iron 
straining cage, covered with No 30 gauge copper-wire gauze, 
and fixed to a conical ring, fitted into the inlet orifice in the 
same manner ns the plugs, and equally capable of being raised 
or lowered at pleasure . the strainer has a surface of 54 square 
feet. The strainer is so affixed to the cage as to admit of its 
being changed in ten minutes from a boat, and a plug substituted 
for the cage. At the bottom of the inlet well, and exactly 
over the entrance to the main, is another conical scat, into which 
a similar straining cage, having a surface of 90 square feet of 
No 40 gauge copper-w ire gauze is inserted. The objects of this 
arrangement were to utilise the whole head of water, including 
that due to the depth of the lake, which would have been lost 
had the water been strained at the outside foot of the dam ; 
and to avoid the use of heavy sluice-valves, in positions in which 
it would be difficult to get at them. Without this, the utmost 
head obtainable would have been insufficient for a distribution 
by grautation alone No filtration arrangement nor sludge- 
pipe were considered necessary 

The supply main traversing the dam is 41 inches interior 
diameter, and its metal 1} inches thick : it is laid in a level trench 
cxca\ated in the rock and filled with concrete: the portion 
tra\crsing the puddle trench is supported on ashlar set in 
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cement, puddled to a depth of 0 inches, and then arched over 
v ith four rings of brick in cement ; two tcakwood washers 
being affixed transversely on the pipes to prevent any water 
from passing between the pipes and the puddle. At the stuicc- 
housc, situated at the outside foot of the dam, the large main, 
41 inches in diameter, bifurcates into two mains, each 32 inches, 
which continue fora distance of nearly 14 miles to Bombay. 
The supply is distributed through the town by branch and 
street mains in the usual way : the hydrants arc self-closing, 
and of a design that admits of their dosing cither with or 
against the water pressure, the counterweights being adjusted 
to the resistances at the various levels of the town : the sluice- 
valves, 32 inches diameter, arc so constructed as to be capable of 
being closed or opened under the severest pressure, with a very 
trifling exertion of force ; the smaller valves arc on Underhay's 
system, which admits of the removal of the valve seat and 
\ alve, without disturbing the laying of any portion of the 
mains. The water is delivered under a pressure of from 165 to 
1S0 feet. 

The actual delivery of water commenced in March, 1S60. 
The original estimate of these works was £250000; their 
cost, including interest, was £G55 000. The result was a 
supply of excellent water to Bombay of 8 000 instead of 9 Soo 
million gallons daily, bringing in an annual revenue of ,£38 000. 
At present, in 1873, when the population has increased to 
800 000, the supply per head amounts to only 10 gallons daily, 
and an additional supply is required. Various projects, 
having this object in view, have been proposed by Mr. Russell 
Aitken, Captain Hector Tulloch, and Mr. Rienzi Walton, C,E., 
municipal engineers, and a \cry large amount of time has been 
spent in discussing them. 

MADRAS. — The Cholavctam and Red Hill Reservoirs. 

For Wafer Supply and Irrigation by W. Fraser. 

The original estimate of the works was as follows : — 

i. A. dam across the Cortelliar Stream ... 3^70 

ii. A channel with the head and other sluices, bridges, and 

other requisite works, for 84 miles from the dam to 
Cholaveram tank o 200 



STORAGE WORKS. 


453 


iiL The enlargement of this tank by raising its embank- 
ments 1 8 feet ... 15239 

iv. A channel 2$ miles from the Cholaverara to the 

Red Hill tank, with sluices, bridges, and other 
works 6 59G 

v. The enlargement of this tank by raising its embank- 

ments 15 feet . ... 11 793 

vi. A channel from Red Hill tank to the Spur tank in . 

Madras, with sluices, bridges, and other works ... 2 803 

Sundries, compensation, superintendence 13 318 


G3 693 

In consequence of alteration of design and increase of rates 
the subsequent revised estimate amounted to ,£104 2G4 

The dam as erected was 4 69 feet long, and 61 feet high at 
crest, resting on a solid foundation 4 feet deep, on the top of a 
double row of wells 9 feet deep, which were carried down to a 
clay stratum ; the body wall was made of lateritc. The head 
sluices consisted of ten vents $' x 8' high, having piers and 
abutments 3 and 5 feet thick, built on 9 feet wells and 3 feet 
foundation connected with the dam , the sill of sluices is 6 feet 
below the crest of the dam , these works arc made of dressed 
gneiss and lateritc Supply channel 81 miles long, inclination 

2 feet per mile, bottom breadth 30 feet, slopes to 1, berms 15 
feet each, the ordinary exeaxated soil to be used for embank- 
ments in low’ places , intended supply 2 700 million cubic 
feet in 35 days 

Cholax-cram Lake dam as existing 1 mile long, extended and 
raised IS feet on hills of lateritc and graxcl . escape weir 200 
feet long made to discharge 94 million cubic feet, or a 
quantity equal to the total capacity of lake up to sill in twenty- 
four hours, with a depth of discharge on sill not exceeding 12 
inches ; this quantity is assumed, because these tanks haxc been 
filled in twenty-four hours of mansun in extreme cases. Supply 
channel in lateritc, xxhich can be utilised, section as before, fall 

3 feet per mile. 

Red Hill Lake embankments 9000 feet long, only slightly 
extended, as the ground rises rapidly, and raised 15 feet. In 
reconNtructing the embankments, the old work is stepped and 
the new earth laid in thin layers, sloping inwards, the puddle 
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wall Is carried up simultaneously, outside which is a 1 2-inch 
layer of gravel and stones, and beyond that 1 8-inch stone 
pitching. Surplus weir 400 feet long, to discharge and keep 
the surface down to 2$ feet above sill : two irrigation sluices, 
and the head sluices aid in this ; these are similar to those for 
the Cholaveram Lake 

Bridges — 14 road bridges; 7 foot and cattle bridges; 12 
* siphon culverts for under drainage and irrigation. 

Data of Supply , — The Cortelliar gives 450 millions of cubic 
yards in 30 to 40 days of mansun ; its small summer channel is 
perennial. Drainage area 770 square miles ; the above mansun 
yield of which is only 6J inches over the surface, or about one- 
fifth the downfall Two other streams also yield 540 million 
cubic feet per annum, which is also intercepted. The Chola- 
veram Lake formerly held 91 million cubic feet, but when 
raised will hold 983 millions cubic feet. The Red Hill Lake 
formerly held 553 millions cubic feet, and now 2 754 million 
cubic feet ; the two together 3 737 million cubic feet , this, 
after deducting the amount of water to which the Mirasidars 
have a right, will leave 2 522 million cubic feet; of this amount 
162 millions will be used to irrigate 8571 acres of rice, at i 890 000 
per acre, yielding ,£600 at 14 s per acre, and 891 millions for 
water supply. Assuming that the population of Madras will 
increase from 170000 to 500000, and will require a supply of 
20 gallons per head daily, their wants will not exceed 594 million 
cubic feet per annum. The distribution of the town supply 
from the Spur tank forms a separate municipal undertaking ; 
the municipality of Madras agreeing to pay r rupee per 2 7000 
cubic feet of water taken from it 

The original rates of work per cubic yard were — earthwork 
of all sorts, 2| to 4 annas ; puddling, 6 to 8 annas ; revetment, 

8 annas ; stone work complete, 3 rupees to 3 rupees 4 annas ; 
thus, quarrying and squaring, 1 rupee 8 annas ; cartage, 2} 
miles, 1 rupee ; building, 8 annas. These rates were afterwards 
increased 

The capital outlay up to the end of 1871-72 was £104 772 , 
but some further sums were spent during 1872-73 ; from which 
it would seem that the Madras waterworks were then nearly in 
perfect working order; the income and cost of maintenance up 
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to 1872-3, was ;£222 and £2 911 respectively ; and during 
1872-73. £1 516 and .£ 667 . 

These waterworks, which Mr. Fraser was not allowed to com- 
plete, have been particularly unfortunate. Some earthwork in 
the tank-dam, in 1869, was done quite at random, so that pro- 
spective failure seemed inevitable, in the author’s opinion. 

In later times, after mishaps, the works have been altered and 
extended. In 1882-83 the capital expenditure was £ 147296 , 
and the irrigation revenue £2 100 on about 10400 acres of crop, 
including first and second crops. This covers more than the 
working expenses. 


Nagpur. — The Ambajheri Reservoir, constructed by Mr. A. Binnic 

The name of the projector of this scheme, which is an enlarge- 
ment of a native tank, is not mentioned in the official records • 
it was chosen from among other projects for the supply of 
Nagpur, by Mr. llinnic, in 1869, and laid before Government in 
two forms— one combining irrigation, and the other without; 
the second was adopted. 

Data. — Population, 84000, catchment area 0 6 square miles, 
bare and basaltic, having an annual rainfall 4073 inches, 
mansun rainfall 37 52 inches Proportion run off in nti 
average mansun 043, minimum 0 26S, maximum 06 

The evaporation is based on Conybc3rc’s measurements .it 
Vahar, Bombay, which give 25 feet in eight months of dry 
season, or J inch daily, hence allowance is made for 3 5 fu t in 



INDIA. 


•l&G 

inch. The formula used for the discharge of pipes is Young’s 
Eytehvcin, v= 50 There are scouring valves 

• at low points. The embankment is in layers 12 inches thick, 
inclining inwards 1 in 6, retentive clayey material alone used ; its 
surfaces of hard material, covered with 12 inches of rough hand 
pitching; its slopes are outer if to I, inner 2 to J ; its founda- 
tion is stepped and benched. The escape weir is of basalt 
rubble, its sill of anglc^iron 3 X 3 x £ welded and bolted to blocks. 
The waste watercourse is 18 feet broad at bottom with slopes 1 


to l. The main pipe is carried on walls of rubble, or in a bed of 
concrete 3 feet thick, stepped into the embankment ; in the valve 
house it is laid in concrete. Pipes above 13 inches diameter to 
have wide sockets, caulked with spun yarn, and lead driven in 
with caulking tools ; those of less than 13 inches turned and 
bored, fixed with Roman cement. All pipes to be tested under 
pressure by hammer 7 lbs weight. Angus Smith’s process ap- 
plied to all pipes inside and out after fitting. Distributing pipes 
to bear on solid ground, in trenches 4 feet to 2} feet deep, filled 
and rammed. 

The puddle wall in the centre of the dam is 5 feet u idc on the 
top and 10 below, and 30 feet high, made in layers of 8 inches. 

The above project, drawn up in detail in 1869, was sanctioned 
in April, 1870; the contemplated irrigation being deferred. 
The estimates amounted to £32 535 ; the reservoir was opened 
in October, 1872, but the distribution was not carried out by 
that time. The reservoir has a top surface of 370 acres, and a 
storage of 257 5 million cubic feet, of which 240 millions, or 
1 500 million gallons, are available 

The cost of excavating the puddle trench, including pumping, 
was £2 368, at the rate of Is per cubic yard ; the cost of puddle, 
£G G59, at 4s per cubic yard ; the cost of embankment, in 1 foot 
layers, rammed and watered, was £4 277, at old. per cubic yard ; 
the rates for pitching were from 5s. to 10s., and for turfing, 2s. per 
loo superficial feet; the total cost of the outlet, including strain- 
ing-tower, foot-bridge, well and valve house, was £2 893, and 
that of the escape weir, £821 ; the rates for ashlar, basalt, rubble, * 
and concrete being from 27s. to 54s., from 10s. to 16s., and 8s. 
per cubic yard. 
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• The distribution source is a public one, the water standards 
being placed ioo yards apart along the streets. The main pipe 
was 4 milts long and ri feet in diameter, and the distribution 
pipes 10 soo yards long and I foot in diameter ; the pipes were 
delivered in Bombay at £7 5 s. per ton, and in Nagpur, at 
,£11 14 s. The works were completed within the estimate, and 
a supply of 15 gallons daily per head can be maintained in years 
of extreme drought 

Akola. — The Akola Reservoir. 

A Project for combined Irrigation and Water Supply of Akola , by 
L. D’A. Jackson, Executive Engineer for Irrigation in Bar dr. 

The proposed works consist of — 

i. A reservoir formed on the Morna River by a masonry darn and 
earthera embankments east and west of it. 
ii. An irrigation channel 5 miles to the first watershed, and 3 more 
to the third watershed to the east of the river, and irrigation 
channels 15 miles to the west of the river. 

. 111. Filter beds, drinking and bathing basins, with a fountain at the 
town gate of Akola, with pipes to it ii miles in length. 

1. Masonry Dam 625 feet long, extreme height 36 feet; area 
of section of superstructure down to 30 feet 0*3 H*, and of founda- 
tion below that 2\li ; strengthened by buttresses 50 feet apart 
from centre to centre ; the wing-walls rise to 8 feet above the sill 
level and revet the embankments, which are 8 feet wide at top, 
slopes 2 to 1 and 3 to 1, and have a section 105 H ; length of 
eastern wing 2 751, western 9 057 feet 

2. Reservoir, extreme length and breadth about 2 J miles, area of 
water-spread 2 500 acres : of which 1 000 are under cultivation, 
and on which there are only a few small huts. 

Contents available for perennial irrigation, cubic feet 41 1 055 831 

Available for town supply „ . 58 427 360 

Waste or standing water „ ... 8 843 139 

Total contents ... 478 326 330 


Beside this, there will be available for mansun irrigation in 
season of extreme drought at least five times the above total 
from the perennial flow of the river. 
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inch. The formula used for the discharge of pipes is Young’s 
Eytelwein, v=$o There are scouring valves 

at low points. The embankment is in layers 12 inches thick, 
inclining inwards i in 6, retentive clayey material alone used ; its 
surfaces of hard material, covered with 1 2 inches of rough hand 
pitching; its slopes are outer ij to i, inner 2 to 1 ; its founda- 
tion is stepped and benched. The escape weir is of basalt 
rubble, its sill of angle-iron 3 x 3 x \ welded and bolted to blocks. 
The waste watercourse is 18 feet broad at bottom with slopes 1 
to 1. The main pipe is carried on walls of rubble, or in a bed of 
concrete 3 feet thick, stepped into the embankment ; in the valve 
house it is laid in concrete. Pipes above 13 inches diameter to 
have wide sockets, caulked with spun yarn, and lead driven in 
with caulking tools ; those of less than 1 3 inches turned and 
bored, fixed with Roman cement All pipes to be tested under 
pressure by hammer 7 lbs. weight. Angus Smith’s process ap- 
plied to all pipes inside and out after fitting. Distributing pipes 
to bear on solid ground, in trenches 4 feet to 2\ feet deep, filled 
and rammed. 

The puddle wall in the centre of the dam is 5 feet wide on the 
top and 10 below, and 30 feet high, made in layers of 8 inches. 

The above project, drawn up in detail in 1869, was sanctioned 
in April, 1870; the contemplated irrigation being deferred. 
The estimates amounted to £32 535 ; the reservoir was opened 
in October, 1872, but the distribution was not carried out by 
that time. The reservoir has a top surface of 370 acres, and a 
storage of 257-5 million cubic feet, of which 240 millions, or 
I 500 million gallons, are available. 

The cost of excavating the puddle trench, including pumping, 
was £2 368, at the rate of Is per cubic yard ; the cost of puddle, 
£6 659, at 4s. per cubic yard , the cost of embankment, in 1 foot 
layers, rammed and watered, was £4 277, at old. per cubic yard ; 
the rates for pitching were from 5s. to 10s., and for turfing, 2s. per 
loo superficial feet ; the total cost of the outlet, including strain- 
ing-tower, foot-bridge, well and valve house, was £2 893, and 
that of the escape weir, £821 ; the rates for ashlar, basalt, rubble, * 
and concrete being from 27s. to 54s., from 10s. to 16s., and 8s 
per cubic yard. 
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The distribution source is a public one, the water standards 
being placed ioo yards apart along the- streets. The main pipe 
was 4 milfcs long and VI feet in diameter, and the distribution 
pipes io 500 yards long and i foot in diameter ; the pipes were 
delivered in Bombay at £7 5s. per ton, and in Nagpur, at 
;£ll 14s. The works were completed within the estimate, and 
a supply of 15 gallons daily per head can be maintained in years 
of extreme drought. 

A KOLA. — The Akola Reservoir. 

A Project for combined Irrigation and i Voter Stiffly of Akola, by 
L. HA. fackson, Executive Engineer for Irrigation tn Bardr. 

The proposed works consist of — 

i. A reservoir formed on the Morna River by a masonry dam and 
earthern embankments cast and west of it. 
li. An irrigation channel 5 miles to the first watershed, and 3 more 
to the third watershed to the east of the river, and irrigation 
channels 15 miles to the west of the river, 
lit. Filter beds, drinking and bathing basins, with a fountain at the 
town gate of Akola, with pipes to it miles in length. 

1. Masonry Dam 62$ feet long, extreme height 3C feet; area 
of section of superstructure down to 30 feet o 3H 1 2 , and of founda- 
tion below' that 21 li\ strengthened by buttresses 50 feet apart 
from centre to centre ; the wing-walls rise to 8 feet above the sill 
level and revet the embankments, which are 8 feet wide at top, 
slopes 2 to 1 and 3 to 1, and have a section 10 5 H , length of 
eastern wing 2 751, western 9057 feet 

2. Reservoir, extreme length and breadth about miles, area of 
water-spread 2 500 acres: of which 1000 are under cultivation, 
and on which there are only a few small huts. 

Contents available for perennial irrigation, cubic feet 411 055 831 

Available for town supply „ 58 427 360 

Waste or standing water „ . . 8 S43 139 

Total contents .. 478326330 


Beside this, there will be available for mansun irrigation in 
season of extreme drought at least five times the above total 
from the perennial flow of the river. 
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3. Channel. — Section 45 square feet, slope 1 in 3 00 o, discharge 
roo cubic feet per second below original ground level in section. 
In eastern channel 8 super passages in each, having section of 
60 square feet and discharging 150 cubic feet per second ; 8 
road crossings ; 2 under passages through embankments, being 
2 feet pipes enclosed in masonry culverts In western channel 
9 super passages, 12 road crossings, and 2 under passages. The 
small trenches of distribution to be made by the landowners, 
aided, if necessary, by loan 

4. Town Supply. — Main pipes, 4 inches in diameter, having a fall 
of I In 500, and each dischargingo‘25 cubic feet per second. Beds 
and basms excavated in rock, with walling above ground. Filter 
bed and bathing basin each 50 feet square and 10 feet deep. 
Drinking basin octagonal having the length of each side 40 feet, 
and having a jet in the centre, the water for which will be purified 
by a filter on the ascending principle passing through perforated 
walling and tiles, then large and small pebbles, sand, and 
magnetic carbide 

5 Supply of Reservoir. — Catchment area 220 square miles, 
minimum downpour 12 inches, of which 6 inches run off, give 3 066 
million cubic feet in a year of drought, and fill the reservoir six 
times The extreme flood discharge over the weir sill, using a 
local coefficient of 12 for the formula O =12 x 100 (N) J , — 

67 200 cubic feet per second; and assuming a flood velocity of 13 
feet per second, this gives a flood section of 5 170 square feet 
The waterway allowed is 8 x 125 — 5000 square feet; the 
measured flood sections are in support of the sufficiency of this. 

Ii rigation — Land under water command on the east bank 45 
square miles, west 30 square miles ; total 75 all fertile ; the 
perennial supply for irrigation duringthe eight dry months is4io 
million cubic feet, or 19-5 cubic feet per second, which at a duty of 
200 acres wifi irrigate 3 900 acres. The mansun irrigation supply 
for four wet months exceeds any demand that is likely to occur ; 
the probable maximum acreage for this will be about half the 
irrigable area, or 20 square miles on one bank and 15 on the 
other, being in all 35 square miles or 22 400 acres ; the channel 
of supply is designed to carry sufficient to irrigate the total area 
of 75 squar<2 miles. 
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Cost of Works and extension on the west bank ... 31 301 

Compensation and Road diversion 1 000 

Establishment and contingencies so per cent C 8G9 


- £39 170 

Trobable return, when the works are fully developed : — 

Perennial, t e., 8 months, 3 900 acres at 14s .. ... 2 730 

Mansun, i.e., 4 months, 22 400 acres at 4s 4 480 


7 210 

Collection, repairs, establishment, 8 per cent. ... 577 

Result, net return on capital of £40 000 at 16 J per cent £G G33 

Or, deducting capital spent in town supply, a result of 19 per 
cent, on the outlay on the capital spent in irrigation, independ- 
ently of the water rate charged to the town. 

Water Rats — The classification of water rates for various crops 
is that adopted on the Bari Doab Canal, but the rates thcmschcs 
are doubled, as the cost of labour in Barar is double that in the 
Bari Doab Hence the rates assumed for Barar arc : — 1st class, 
sugar-cane, £1 4s. ; 2nd, rice and garden produce, 19s , 3rd, all 
ordinary field crops, not elsewhere mentioned, 10s.; 4th, all 
millets, pulses, and grass crops, Gs, ; 5th, a single watering, 3s - 
These may be expected to yield mean rates of 14s. and 4s. at the 
least, as it is most probable that sugar-cane will be extensively 
grown; all sugar being now imported into Barar. 
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Reclamation and Protective Works 

The sole Reclamation Works of large extent in combined 
India and Burma at present consist in the Irrawaddi Works, 
under Robert Gordon, a Civil Engineer of special experience. 

The Irrawaddi Reclamation Work c. — The delta of this 
enormous river, consisting of valuable agricultural land liable 
to periodic inundation uncontrolled by any efficient protection, 
afforded an excellent site for reclamation works. Before 
1862 a few light embankments were thrown up by voluntary 
labour, under the guidance of unskilled officials, mostly British 
magistrates and tax collectors, and employes of the Indian 
Public Works Department A high flood in 1861 swept 
the delta and brought Tuin to the agriculturists , it also 
directed the attention of the Indian Government to the need 
of direction, and of the expenditure of money on a large scale. 

In 1862 Colonel Short, an officer of experience on works of 
embankment in Bengal, was deputed to report on the project of 
generally embanking the Irrawaddi in the delta in permanence. 
The name of the projector^ is not officially mentioned ; but the 
plans under which the works begun arc named as those 
signed by Colonel Short These works were carried out by 
Mr. Bennett until the close of 1868 ; they consisted mostly of 
banks about 16 miles below Saiktha, near the town of Myanoung, 
having for an object the control of the floods at the junction of m 
the Patashin River, and the recovery of about 250 square miles 
of land. A dam near Kyangheen, above Myanoung, designed 
and executed by Mr. Fennessy, C.E., was made in 1S64 ; the 
length of bank being then in all 10} miles. It appears that these 
banks were generally from ii to 2 feet above high flood, and 
were never nearer than 100 feet to the river edge. In 1S6S 
a high flood breached much of the unfinished work ; and the 
question of general design was reconsidered It had been the 
original intention to close the Nawoon or Bassein branch, which 
was gradually dosing itself : it was now determined to leave it 
open, and the project hence took a new form. This practically 
consisted in embanking both the Nawoon and the Zaloon 
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branches, from the head of the delta (above Otpho) along 
their courses to the SAV. and S E., in addition to the upper 
works for the control of the main river above, between 
Kyanghccn and Otpho, From this time, 1868-69, the project 
departed from the protective type, and became one of m'orc 
pure reclamation, on an immense scale. It virtually consisted 
in the recovery of the whole of the upper part of the delta, as 
permanently useful agricultural land, by means of banks on 
the inner or deltaic sides of the two branches. 

The area of this from Otpho or Thambyading down to near 
ISasscin on one branch, and to near Shuayloung on the Zaloon 
branch, is about 2400 square miles, roughly involving about 180 
miles of single embankment, besides accessor}’ works Such a 
design involved a thorough study of the whole of the hydrologic 
conditions of the Irrawaddi, as well as extensive surveys. 

About this time Mr. Robert Gordon was entrusted with 
the whole management of the works, having before executed 
parts of them. His laborious examination and studies of the 
river, and the execution of the project arc deserving of the 
highest respect His \olummous report on the Irrawaddi 
should be perused by all interested in hydrology. 

The first four miles of the Nawoon embankment were executed 
in 1869; operations were then suspended till 1871 In 1871-72 
the first 25 miles were completed , they afterwards progressed at 
the rate of about 15 miles yearly until, in 1875-76, about 75 miles 
of it (to Toboo)wcrc finished. On the main Irrawaddi Channel 
(or Henzada Zaloon branch) work commenced in 1869, some few 
miles of bank were made, and Henzada was enclosed ; in 1872 
the bank was extended about 14 miles to Zaloon , and in 1S75 
it had reached Donabyu. The alignment is generally 300 to 
400 feet from the edge of river ; in some cases it was more 
economic to follow the higher ground, in others to cut across 
bends, and save in length. As to section, the earlier works varied 
greatly ; but their top widths generally were from 4 to 6 feet, the 
height 5 to to feet, and the slopes various. In later works a uniform 
top width of 14 feet was adopted for convenience of road traffic, 
and the height uniformly fixed at 3 feet above recorded flood 
marks on the Zaloon branch, and at 2 feet minimum on the 
Nawoon branch similarly; the slopes 2} to 2 to 1 on ordinary 
soil, but more on light sandy or sliding clayey soils. 
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North-Wester?.' India. 

The Panjab was formerly a fully irrigated country, traces ofits 
thorough canalisation exist everywhere ; it was formerly, 
perhaps in the time of Porus, the granary of India, and the most 
civilized province. 

It has since become an arid country, comparatively depopu- 
lated. Perhaps there has been a climatic as well as a political 
change ; the Indian desert may formerly have been one-fourth 
of its present size ; and the rivers of the Panjab may have given 
nearly double their present supply of water. 

At present the Panjab is in a state of partial recover)' ; canals 
and irrigation exist o\cr perhaps one-tenth of its formerly 
irrigated area. From a modem view, and as regards irrigated 
crops, it is virtually a mere extension of the North-West 
Pro\inccs of North-Eastern India, in which the crops that suffer 
most from drought exist but very partially. Hence the following 
accounts of the crops of those provinces will serve as a basis 
without recapitulation. ( See Crops, North-east India) 

Noticing, therefore, by way of comparison : the larger cereals 
are magnificent in the Panjab, gram and lentils also , but, 
apparently, the lesser millets and the lesser pulses arc purposely 
neglected, and rice is naturally rare. The breadth under oil- 
seeds is comparatively small ; green fodder crops are also 
small in extent, bhusa or chopped straw being more used. 

Among the special crops (dyes, drugs, spices, and fibres) 
cotton alone figures largely ; indigo and sugar-cane are 
relatively in very small proportion ; tobacco and opium are 
grown in small quantities; capsicum is largely grown. 

In the returns of canal irrigation there are a few crops peculiar 
to the Panjab, though of small extent ; these arc mehndi, a rose 
dye from the Himalayas; also tnunj kana, chcrnl, *Ira, but 
these may be mere local names. 

The crops of the Western Jamna canal are grown partly within 
the Gangctic basin, nominally in the Panjab province, but 
actually out of the Panjab ; they may hence mislead as a whole. 



The Watering Seasons of Irrigated Crops in the Panjab. 
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The Panjais. — The Value of an Acre of Produce in 1872. 



On the Western Jamna Canal, 1S72. 

Irrigatioi 

Produce 
> per 

acre 

: Market 
\alueia 
1S72. 


Sugar-cane— 7 <M— Saccharum offlcinarum 

acres. 

44 531 

lbs. 

2 OOO 

c 

7-70 


Garden pro luce, various *■ 

Rice — Dhan — Oryza saliva [ 

jo 15s] 

1920 

8- 

3-30 

c 

f Colton — Kafas — Gossypium herbaccum 

96 129 

720 

3 -GO 


| Hemp — San — Crotalaria juncea 

' 3°5 

200 

1-25 


1 Indigo — Nil — Indigofera tinctoria 

6 4S9 

20 

1-15 

tn 

Safflower — A 7 rrrrr~-Canhamus tinctorius 

— 

120 

i 3 ‘ 


< Turmeric — IlalJi — Curcuma longa 

— 

— 

- 

I 

Sesame — Til — Sesamum Orientale 

25 

l60 

1 0 80 


Pigeon Pea — Toria - — Cajanus indicus .. 

642 

64O 

1 1*5 

? I 

1 Mustard — Saru — Sinapis campestris . . 

— 

400 

1 1* 

3 I 

Linseed — Alsi — Linum usitatissimum ... 

— 

120 

0 G 0 


1 Watcmuts— Singara—' Trspa bispmosa.. j 

— 

[6409 j 

: 8 * 

r; 

[ Tobacco —Tumbaku — Nicotianatabacum 

r 271 ; 

2 SOO 

0-90 

.« 

1 Poppy — Posta — Papaver soraniferum ... 

6 1 

240 

300 

tft 

1 Conander-/?/:fl^«'Coriandnim sativum 

863 1 

5 600 

2 30 


[ Halaun— Phaseolus rostratus 

— 1 

5 600 

2-30 

cfi 

1 A/tL'cn— Ptjchotis ajwen 

— 

400 

2- 

a 

1 Fenugreek-A/rM/-T ngon ella fcenugTcecum 

23 

400 

2* 


f Great Millet— Joivar — Holcus sorgbura 

4203 

1 680 

2-70 


! Italian MiUct-A'^wr-Panicum jtalicum 

43 

1 600 

2 GO 

j; 

Spiked Millet-^fl/ra-PeniciUana spicata 

347 

1 520 

2-5 


1 Millet — Chena — Panicum miliaceum ... 

96 

1 520 - 

2‘4 

£ I 

1 Maize — Makhi — Zea mays 

893 

1 600 

2-5 


j Wheat — Gehun — Triticum vulgare 

93 599 


3-20 


1 Bailey —Jnu — Hordeum cceteste 

3 602 

I X 20 

1*5 


^ Oats — \\’alayati jau — Avena sativa . . 

*9 

1 200 

2-4 


f Common Gram-C/janffa-Cicer arietinum 

7 796 


2 25 


| Lentil — Masur — En. ura lens 

1 679 


O-GO 

V, * 

j Urad — Phaseolus — Mash 

410 


2 80 


1 Mutig — Phaseolus mungo 





{ Moth — Phaseolus aconitifolius 

77 


1-80 

s 1 

[ Lucerne— Sinji — Medicago sativa 

3 i 3 


2- 

3 \ 

! Grass — Ghas — Triticum repens 




& 1 

[ Great Millet — Cham — Holcus sorghum 

193 

3 200 

0 40 


Miscellaneous . . .. 1 

mknwn. 




Fallow ... 





Single Waterings 

10 483 


— 


Total e 

i 54 i 9 0 

- | 

- 
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Panjab. — Value of Irrigated Crops per Acre. 


Bari Doab Canal in 1882 - 83 . 


On the 

But Doab Canal. 

Kharif. 

Rabi. 

Total. 

Produce 
per acre. 

Value of 

Value of 
Crop. 

Sugar-cane 

, Acres. 

12 24t 

Acres 

4 

12 245 

Lbs. 

2 000 

c 

81 G36 

i-i 

Garden produce.. 

289 

=S 4 

573 ■ 

— 

3 787 

6-6 

Rice 

39 744 

39 

39 783 

I 600 

90 931 

22 


f Wheat 

_ 

156 054 

156054 

x 520 

474 404 

3-0 


Barley ...| 

— 

r 726 

1 726 

1 120 

2 417 

1-4 


Jlaize ...| 

25 664 

— 

25 664 

2 240 

71859 

28 


Great Millet ... j 

2 * 307 1 

— 


1 280 

28 409 

1-8 


Italian Millet . 


— 

412 

1 600 

1319 

30 


Chena Millet ..I 


106 

106 

l 200 

133 

1-2 


Mixed Grain .. j 

— 

3079 

3 079 

I 120 

5 389 

1-7 

t 

1 CommonGram 



130 S 6 

130 S 6 

I 360 

22 247 

16 

•3 1 

| Lentils ... j 

— 

648 

648 

480 

346 

05 

Fodder and Grass 1 

2679 

2 * 795 

24 474 

- . 

22 898 , 

05 

in 

Til 1 

9S9 

__ 

959 

170 , 

C39 | 

06 


Tona 

5 

130 

*35 

640 

253 

18 

■f 

Linseed 


34 

34 

160 | 

23 

07 

0 

Sarsun 

— 

850 

850 

720 

1912 


& 

1 Cotton 

=9 353 I 

1 

29 354 

720 

880G3 

30 

Q 

(Hemp 

358 

— 

35 s 

400 

71G 

20 


j Indigo 

• 1 , 

— 

1 

— 

1 

10 

j: . 

(Turmeric 


— 

5 

960 

32 

64 


I Safflower 


i 

i 

86 

1 

30 


(Poppy —1 

— 

450 

45° 

320 

3 603 

80 

£ 

\Tobacco 

150 

5 s 

202 

2 000 

2 527 

12-5 

Vegetables 

1 2 95 1 

956 

2 2 S t 

_ 

8103 

36 

Orchards .. ... 

2 ogS | 

1 45* 

3 549 

— 



Miscellaneous ... | 

7 S 14 | 

4 365 

12 179 

— 

1S33G 

15 

Fallow ... ... | 

544 1 

1302 

I 846 

— 

— 

— 

Single Waterings .. 

1 553 

73* 

2 2 S 4 

— 


— 

Total 

14647 * 

207 144 

353 615 

- 

953 466 

— 



4 G 8 


1 KDIA. 


The Paxjai Canal Plantations in 1872, 


Detail of Tree* chiefly grwn. 

Western 

Jumna 

Bari Doal 
Canal.. 
Number ir 
1872. 

Local Name. 

Botanical Term. 

Nurnbet in 

187a. 

Kiknr or Babul 

.. Acacia arabica 

394 718 

173 124 

Shisham ... 

. Dalbergia sissu 

119 611 

43 1 506 

Shahtut Mulberry 

.. Moms alba 

72 5=6 

54 458 

Sh a hint China 

. . Morus tatarlca (Mulberry 

) 4 130 

— 

Tun 

Cedrela tuna .. 

33 789 

. 3« s 53 

Jaman 

, Sizygium jambolanum 

17 214 

— 

„ 

.. Pmnus Partus . • 

— 

4 887 

Bahain 

. Melia azedaracb 

1 ><>784 

— 

„ 

. . Melia sempervirens . . . 


5 966 

Strut 

. Acacia speciosa 

I687O 

47 2 92 

Gular 

. Ficus cuma 

ir 755 | 


Jand 

Acacia lcucophlcea ... 

1 7 2 «5 

I _ 

/and 

Prosopis spicigera 

- 

i 11 55 1 

Him 

. Azadarachta indica . 

7 152 

— 

Bans 

Batnbusa stricta 

t 9 ir 

— 

Amb 

. Mangifera lndtca(Mango) 

3 774 

— 

Pipal 

Ficus religiosa 

2 004 1 

— 

Phulai . ■ 


— 

71 710 

Plum 


— 

16 735 

Phagara . . 

Ficus caricoides 

— 

9 760 

MudasU 


— 

6 178 

Altar 

Dodonrea burmamana 

— 

4850 

Belt 

Zizyphus flexuosa 

— 

4 689 

Se tubal 

Bombas heptaphyllum 

— 

8 013 

Miscellaneous of 80 descriptions ... 

— 


Miscellaneous trees of 83 descriptions 

— 

~ 


Total of all soits ... J 

809779 | 

955567 
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Experiments in Watering Crops of Wheat and Rice on the Bari 
Doab Canal. 

{By E. C. PALMER, C.E., in 1871.) 

The average of the experiments made and tabulated show 
that an average depth of C24 feet on the whole surface, repre- 
sents a thorough watering of the a\eragc soil of the district 
under consideration, and for sandy soils 031 feet, and the 
amount of water necessary for an average watering of one acre, 
is 024x43 560=10454 cubic feet. 

Wheat in a dry season requires five waterings ; the first, for 
preparing the land for ploughing, at 10 500 cubic feet, and four 
for the standing crop of 8000 cubic feet, give 42 500 cubic feet 
in all necessary for each acre of wheat. 

Rice requires ten floodings ; the amount of water necessary 
for each flooding is the amount necessary to saturate the soil, 
the average of which, given above, is 024 feet, together with 
0-50 feet of standing water : or in all, o 75 feet in depth over 
an acre represents the quantity of a flooding, or o 75 x 43 560 
= 32 670 cubic feet ; and the quantity necessary for a crop 
of rice is, therefore, 326 700 cubic feet 

The land under consideration principally consisted of holdings 
on an average of 52 acres, requiring 22 acres of Kharif, and 30 
of Rabi irrigation ; for such a farm an irrigating outlet or pipe 
04 feet in diameter, working under a head of 04 feet, was found 
sufficient ; the discharge being O 3323 cubic feet per second, and 
allowing the farmer eight days to prepare his 22 acres of Kharif 
ploughing, and eleven days for the 30 acres of Rabi ploughing. 
As the best season for this purpose lasts about six weeks, and 
the outlets arc allowed to flow for eight days in the month at 
the utmost, this arrangement allows twelve days of constant 
flow during that season ; and thus a single pipe, irrigating only 
2‘7 acres per day of twenty-four hours for ploughing, or 5 4 acres 
of standing crops, is sufficient for all the purposes required in 
keeping up the irrigation of a holding of 52 acres. 

These data apparently support the amount mentioned 
in official returns as the average supply per acre given on 
the llari Doab Canal, 44 000 cubic feet ; the latter probably 
including also single waterings over a certain amount of acreage. 



The Watering Seasons of Irrigated CRors in the Derajat, 1872. 
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N.B , — The inundation of the 



IRRIGATED CROPS. 


471 


Bhawalpur. — Irrigated Crops in 1 8 6 6-67. 



Centals. 

Acres. 

Produce per 
acre in Centals 

Sugar-cane 

2 400 on 

329 

7 ‘3° 

Great Millet 

280000 „ 

58 270 

4'8i 

Sesame .. 

5 600 „ 

2 39 1 

2-36 

Spiked Millet 

160000 „ 

33 9oo 

4'7 2 

Rice 

640000 „ 

i37 860 

4-64 

Mung, Muth and Mash 

1 1 200 „ 

3 574 

3**3 

Cotton 

9 600 „ 

z 21S 

4'33 

Indigo 

4 800 „ 

Z2 207 

O 21 

Vegetables 

— not given 

— 


Wheat 

... 600 000 on 

72 500 

Barley (Jau) ... 

... 22 400 „ 

3 7° s 

Gram... .. ... 

... 6 400 „ 

2 132 

Maithra and Peas 

... not given,, 

1 S79 

Mustard and Ussun ... 

... 3 200 „ 

9S7 

Nanghi and Sanwak ... 

... not given „ 

997 

Tobacco 

... 560 „ 

3»3 


English Centals of ICO lbs are used above. 

Rote . — A Bhawalpur bccgah is given as J acre ; a bccgah= 10 khanas ; a khana= 
iGJxi 6J ft. =2t 780 sq ft. The local maund is taken as an Imperial maund 
of 40 scr. 


RAJFUTANA. — Crops Irrigated from Tanks in 18S2-S3. 


Sugar-cane 

3* 

Gram . 

694 

Garden produce 

53 

Mung, Moth, Urad, 

Vegetables 

327 

Chaulaand Kulath 

230 


— 


144 



Cotton 

1 821 



Tobacco 


Wheat 

3816 

p °ppy 

6S0 

Barley... 

9 *49 

Miscellaneous . . 

58 

Maize ... 

... 10068 



Rice . . 




Great Millet ... 




Spiked Millet 
Mixed Grain ... 

3<5 

S ^yo 

Grand Total 

32507 


2S 464 

Estimated Value 

j&i 100 
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Sind. — The Watering of Croft. 

The following details were compiled by Mr. Robert Brunton 
C-E., in 1867. He states that in the Government Gardens the 
mode of lifting water by " wheel and bullocks ” is very clumsy 
and expensive. On the right bank of the Indus the irrigation 
from the canals is effected by flow ; on the left bank the land 
is high, and there arc 18402 nars (two-bullock wheels) and 
29921 hurlas (one-bullock wheels) constantly employed. The 
canals here have their beds seldom more than 7 feet below the 
average level of the land ; and the independent wells vary in 
depth from 10 to 20 feet A “ nar," with four men and four 
pairs of bullocks, can irrigate 1 1 acres of cultivation, the total 
cost per acre of watering is £l 5 . A “ hurla " is worked by two 
men and two pairs of bullocks, and keeps 6 acres watered. 

A sufficient flooding is estimated at 3 inches of depth, or 
10 800 cubic feet to an acre ; the necessary number of floodings 


per crop, is 

Crop. Period. Number. 

For wheat, barley, and rape ; 4 months 4 

For bajri „ „ . ... 5 

Forjowari „ „ . ... 6 

For sugar-cane 12 months 52 


Mr. Brunton remarks that the Spanish method is far superior 
and less costly than the Indian one, and points out that 
by the adoption of an improved " noria " with a small tank as 
an adjunct, and an improved system, the cost of watering 
might be reduced to less than a tenth of £TS per acre ; while 
the advantage to the province of freeing two-thirds of the men 
and bullocks would enable three times the extent of land to be 
brought under cultivation. 
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North-Eastern India. 

North-west Provinces . — The following are the agricultural 
conditions, mostly according to Messrs. J. B. Fuller and J. F. 
Duthie in 1882. 

Nearly half the province consists of land actually cultivated, 
while about a quarter more is cultivable. The land revenue and 
cesses amount to about four shillings per cultivated acre ; the 
rental is double the revenue. Two-thirds of the population are 
supported direct by agriculture, out of a whole population 
varying from 466 to 978 per square mile of cultivated area. 

The alluvial soil of the plains varies little generally ; the 
distinctive terms used, are these — 

Clay soil .. . Maty dr 

Very stiff clay . . Dekra 

Toor clay .. Dhaukar 

Pure sand Ehur, balua 

Saline yellow ish and saline reddish daj s Usar 
Light yellowish unfertile soil . Rankar 
Loamy soil . . . Domat 

Special loams . Rash, seU'ai and seolah 

Light reddish loam . Pi/ota, flha, saigun 

Stiff black loam or cotton soil . Mdr 
A paler cotton soil .. . . Kitbar 

A grey loam . . Panva 

In some places the usar tracts amount to 4 per cent and in 
others 1 1 per cent, of the whole area. 

Kankar (carbonate of lime) occurs, both in its nodular form 
and in blocks, in beds a few feet below the surface, scattered 
throughout the province. The usar salt efflorescence {reft) 
(sodic sulphates and sodic carbonates chiefly) and kattkar arc 
formed under the same natural conditions of an impermeable 
subsoil concentrating the action of formation. Nona imtti is 
the nitrate of potash efflorescence on soil near villages, and on 
mud walls. Khart font, the brackish water from wells, contains 
nitrate of soda ; it is of great manurial value to growing crops 
but checks germination. 

Manure . — Most of the cattle-dung is used as fueL The 
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refuse of vegetable matter and ashes find their way to the soil, 
but these are not systematically arranged and applied, 
excepting near large towns. The belt of land ( gauhdn or 
bdrd) close to a village is highly manured naturally by the inhabi- 
tants ; the next belt ( manjha ) is manured from the muck heap 
cvcty third year • the outer lands {parka or fdhi) arc never 
manured, and hence arc taken at a lower rental. Nona mitti is 
used as manure for tobacco crops ; Kkari fani is also used 
generally. Crushed bones arc not used, and indigo refuse is 
most commonly used as fuel for glass making, though in Bahar 
it is used as manure. 

Tillage . — Some of the ploughing is mere scratching of the 
surface with a very light plough drawn by weak cattle; but 
repeated ploughings, generally eight, even twelve to fifteen, and 
sometimes twenty, prepare an excellent soil for the valuable crops. 
The common ploughs vary from 18 to 50 lbs. in weight. There 
is also the ndgar plough, weighing 320 lbs , drawn by eight 
bullocks, which tears up the soil to a depth of 18 inches (the 
Indian as well as the English cubit). Levelling and breaking 
up clods is done by the heavy flat log (hetrga, mai fa/e/a or 
p&tci) drawn by two pairs of bullocks ; a lighter one is termed 
maim . A roller (lakhar) formed of a trunk of a tree is also 
used in sugar-cane cultivation. 

There is on an average one plough bullock to every 4^ or 5 
acres cultivated ; buffalos are seldom used for ploughing. 

The Seasons - — The kharif season is the summer and autumn, 
from April to September inclusive, in which tropical crops are 
grown- rice, maize, cotton, millets, &c. In the earlier three 
months of kharif, termed zaid, melons and common millet are 
grown ; these ripen in June. At the end of May or beginning 
of June indigo and maize are sown in irrigable land. Plough- 
'ing begins actively at the beginning of the rains at the end 
of June or beginning of July ; and is followed by sowing cotton, 
rice, great millet and spiked millet ; the land for rain crops is 
also ploughed at the beginning of the rains, and reploughed at 
least four times in July and August. 

Sugar-cane, termed a kharif crop, is exceptional ; it is sown" 
from January to April, and cut in the following cold season. 

The mansun tains begin about the end of June, and are over 
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by the end of September generally; breaks in the rains may 
spoil the maize and rice crops, and irregularities in the rains, 
early or late, may ruin any of the kharif crops, except, perhaps, 
the common millet 

The rabi season, or cold weather season, from October to 
March inclusive, is the period of crops of temperate climates : 
garden and vegetable produce, wheat, barley ; the cabbages, &c., 
brocoli, turnips, carrots, lahi and ramdana are sown about the 
middle of September; but the sowing of the more important 
rabi crops including the cold weather cereals, begins in the 
middle of October and continues till the middle of November. 
The dates of harvesting vary much, but all of them arc off the 
fields by the middle of Apnl. 

The winter rains are light, and fall about the end of 
December generally; the rabi crops are partially dependent 
on them, as well as on the moisture in the soil retained from the 
tnansun rain ; but the winter rains are very shifty. The nature 
of the subsoil hence has an important bearing on these crops. 

Irrigation — The annual rainfall of the region, from 2 to 3 feet 
may be concentrated in the mansun of three or four months, and 
this may be deficient, early or late, or with long breaks, or in 
excess. Each one of these five causes of ruin to the crops has 
to be guarded against , four of them arc those of deficiency at 
certain times ; hence the need of irrigation. The source of 
irrigation from wells, tanks, and canals, in these provinces is 
chiefly not local but Himalayan rainfall 

The irrigated area is at present about one-fourth of the 
cultivated area. The percentage of the irrigated area, according 
to sources of irrigation, are, from wells about 56 per cent., from 
canals 24 per cent, and the remainder from other sources, 
streams and tanks 

Well sinking involves much risk, as the well is generally a 
failure if a clay stratum is not met at a moderate depth, or 
if the well is sunk through numerous or continuous layers 
of loose sand. Wells more than Go feet deep to water arc 
considered unprofitable. A spring well, tapping a water- 
bearing stratum under a clay stratum, of the depth of about 30 
feet, is the desired object; a mere percolation well, ending in 
loose sand and dependent on collected drainage, is seldom of 
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much use. The lifting appliances used are chiefly the leather 
bucket, holding 12 to 25 gallons, and, in fewer cases, the (rahdt) 
chain of pots, and the lever and counterpoise (dhenkli) ; also 
the simple wheel with two balanced pots (charkhi). The 
watering effected in a day varies from one-eighth to one-sixth of 
an acre in -wells from 40 to 20 feet deep. 

Streams and tanks . — The locality in which irrigation from 
tanks is practised is the Bamtras division, where the rainfall is 
greater and the soil more retentive ; also on the border of the 
Central-Indian hill ranges, where are many magnificent tanks 
made by the Chandel princes, as appendages to temples. In 
the Sub-Himalayan tract temporary dams and watercourses 
from streams are used for irrigation. 

The lifting appliance used is the swing basket of bamboo 
(beri) or of leather (bauka) ; the economic lift is 3^ feet ; and 
two-fifths of an acre can be irrigated per day ■ the maximum 
single lift is Si feet; for a total lift of 10 to 15 feet they 
are worked in stages. 

Canal trrtgatton — A large portion of the area now irrigated 
from -canals of sure supply was formerly irrigated from 
precarious wells dependent on rain supply. The more valuable 
crops are now raised on land close to some distributary channel, 
from which a timely supply is certain. In other cases, where 
the land is farther off, there are the risks of not gettng a timely 
supply of water to a crop, as the. period of taking water is fixed 
for each village, and as the demand for water on land higher up 
may be great enough.to monopolise the supply for some time. 
Another source of irregularity is that greatest of all curses, 
official caprice. 

The under-officials that control the distribution of the water 
are often afflicted with lofty but unjust principles Woe to the 
land when the servant is master ! This is an evil almost 
inseparable from large concerns with divided interests. Ap- 
parently, in such cases as these, the fair remedy would be that 
the individual suffering should impose a fine on the authorities 
collectively, and that a fund be set aside to meet these 
demands. 

The comparative cost of three waterings to a wheat crop 
under various modes is thus given by Mr. Fuller: 
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Mode of Supplj . 

<s . 

a 

d 

a | 

Wear and Tear 
and Interest, 

Ji 

w 

1 

(2 


Feet 

Acre 


'■ 1 

12 | 

* 

Kacha Well, worked by lever lift 

IO 

i 

1 

“ 


13 

Kacha Well, worked bya pairofbullocks 
Pakka Well, worked bya pair of bullocks 

3° 


4* 

51 

7* 

174 

30 

i 

G* 


74 

19, 

Tank and swing basket 

4 

i 

Price of 
*aler 1 




Canal and swing basket . . 

3 

i 

3 

— 

7 

10 

Canal (lush irrigation ... 

0 

3 

G | 

— 

— 

G 


Cost of Cultivation per Acre 


Each operation. 

Shillings. 

Each operation 

Shillings. 

Ploughing 

... 1-50 

Cleaning 

... 0 75 

Harrowing, &c. ... 

. 025 

Watering dues . . 

variable 

Sowing drilled ... 

. . 175 

„ lift 4i feet 

. 2-25 

Weeding (kharif) 

3* 

„ distributary 

.. 0 25 

Weeding (rabi) 

1-50 

Preparing land 

. . 050 

Watching (kharif) 

150 

Cost of seed 1 

variable 

Reaping 

variable 

Cost of manure j 

Threshing 

GOO 




This apparently amounts to about per acre, up to £l 5s. 
per acre for one set of operations. 

The ‘holdings arc small, from 3 to 9 acres, worked by the 
occupier and his family. When rent is paid in kind, it varies 
from one-third to half the produce. The outturn of crops by 
average cannot be stated with any degree of confidence. 

The chief crops grown in the North-west provinces, from an 
average of three years from 1878 to i8So, bore the following 
proportions to the total cropped area : — 

Wheat 13*4 ; Rice 1 1 3 ; Barley and Gram 9 5 ; Great Millet 
and Arhar 6*4; Barley 63, Great Millet 57; Gram 48; 
Wheat and Barley 4 2 ; Spiked Millet 4 x ; Wheat and Gram 
3-8 ; Cotton and Arhar 3-6 ; Maize 3*0, Sugar-cane 2 5 ; Cotton 
2 2. Almost all the rest less than ro per cent, of each. 
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North-Western Provinces. 


Botanic Term. 
Common Cereals. 

Indian Names. 

Sown. 

Cot. 

Wheat 

Triticum sativum 

Gehun, G and tan. 

End of Oct. 

In Mar. 

Barley 

Hordeum vulgare 

Jau. 

October 

In Mar. 

Oats 

Avena sativa 

/ a: \ IValayati jun , Javi. As barley 

Maize 

Zea mays 

Mali, Mahai. 

Mansun break 

Inji.:, 

Rice 

Oryza sativa 

JDhan, Baranj. 

Bet. Jan. & July 

Bet. May 


The Millets. 

Great Millet Sorghum vulgare, Judr, Junri, Cholam. Mansun break to Nov. 

SpikedMillet Peniciltaria spicata, BJJra, Lahra, Kambu. do or later 

ItalianMillet Setaria Italica Rdngni Tanga/:. Mansun break to Sept. 

Eletisine coracana Maniwa , Makra, Ragi. 

Pamcum miliaceum Chehna , Chirwa , Naragu. March J r 

“nuceum 2S3»oE1 ^ o! An S . 

Panicum psilopodium Ruth:, Mijhri. June October 

Paspalum scrobiculatum Rodon, Koda. Mansun break October 

Legumes. 

Com. gram Cicer arietinum Channa, Ndkhttd. From mid. Sept. A 

Lentil Ervum lens Masur. Rabi crop, like | 

Paralytic pea Lathyrus sativus Rassar, Rasari, Tiuri. Rabi crop, like t 

Common pea Pisum sativum Mattar. End of Sept . • > 

Field pea Pisum arvense Desi mattar , Chattar. do. 

( Phaseolus mungo Mung. Mansun break O 

Phaseolus radiatus Urad, Mash. do. Aug. and C 

Phaseolus acomtifolius Moth. do. do. 

^bTan 60 ^ } Vi S na Labia, Itausa, Santa. Like Mung 

\ 
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Soil, Cultivation, and Troduce. 

Heavy loisi (dimat) ; follows cotton, blu, or a fallow; on manured sites close to villages. 
r.^( ploughing*. Seed ico to I p lb*. per acre. Inijilel oix before sowing, t hnce during 
growth Liable to rail, mot aaJ boat. Meld, cmmgiteJ 725 lb*.; irrigated, 1233 lbs. per 
acre. Exports 103033 tons. 

7 J-M soil, oarainnrcJ. Four ploaghmg*. Seed 100 lo 123 I'm. per acre. Two waterings; liable [o 
stjoL Yield, umrrigated S33 lbs.: irrigated, t jSo lbs. per acre. Straw in weight t] times yield 
in grata. 

Corresponds to birley ; bet u grown for fodder ; respires irrigation. Yield, 830 to I *40 lbs. per 
acre 1 improved by ninure ; rep. res better soil than bailey does. 

Manured soil. Foa- plocgluags. Seed 1 2 lbs. per acre. Two waterings; plants banked ; roach 
sratchmg Yield 1 123 lbs. 

Stiff day , even usar. Two tosjx ploaghmgs, or hand dag to six inch 3. Seed 80 lbs. to the acre ; 
hinted fields ; transplanting is optional. Subject to green fly in August. Yield, unhaiked Soo 
to 1 1S0 lbs. ; | of this is gran. 

Loam. Two ploughing*; io to 24 lbs. of seed per acre. Generally mixed crop. Yield 6p to 
S30 lbs. grain, and Urge quantities of foller. Liable to bant and to poisonoas insect Iktunri. 
Much watching. 

Light, poor soil; co manure or irrigation. Two plocghirgs. Seed 6 lbs. per acre. Liable to 
ban’, rai’dew ; suffers from excess of rain, and from extreme drought. Meld 490 to 560 lbs. 

Manured ; good soil. Suffers much from birds. Vaelff J 23 to 423 lbs. per acre. Straw nearly 
useless as fodder. 

Light soil, even grows on shingle. Seed to lbs to an acre. Suffers from heavy rain. YIelJ 
433 to 1 120 lbs. 

Light soil. Seed 10 lbs. to an acre. Irrigated from wells. Precarious. Yield 5*3 lbs. Straw 
useless a* fodder. 

Light sod, grows even on saline. Seed 10 Its. to an acre. Suffers from "blight and excewive 
ruin. Yie’d 710 lb*. 

Grown on the poorest lands. Average yield lfo tbs. per acre. 

I On poorest sod. Seed 12 to 23 lbs. to an acre. Meld &» to 9S3 lbs. auhusied. Suffers from 
l insects. 

( On heavy clay. S3 to IOO lbs. Unirrigated. Suffers from frost or col 1 . Yiel 1 640 lbs. 

Also on any sod as a mixed crop with wheat or barley ; irrigated ; also with rape and I jew;. 

Oa all soil*. 80 lbs. to an acre. Produce, tmirrigited 640 lbs. ; irrigated 960 lbs. 

On very testy clay ; in mire and rice stubble. Very hardy. The grain induces paralysis. 

| Heavy sod. 123 lbs. per acre. Meld, wnirrigated 5*3 lbs. ; Irrigated S30 lbs. Chaff time Weight. 
( Correspond to common peas, bat are less prolific. 

f Oa lght soils ; mixed crop with cotton or mdlci. It withstands drought, and does not 
l impoverish soil. 

Oa heavy soil, raised with cottoa or millets. Suffers from mildew. Resembles maag. 

Oa the worst land as a sole crop ; gives a heavy outturn. Meld 643 lbs. Mixed with hljra. 
Mixed crop with cotton or millets. If alone it jidis 430 lbs. pet acre. 
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North-Western Provinces. 

Botanic Term. Indian Names. Sown. Cut. 

Common Cereals. 


Wheat 

Triticum sativum 

Gehun , Gandum. 

End of Oct. 

In Mar. c 

Barley 

Hordeum vulgare 

Jau. 

October 

In Mar. o 

Oats 

Avena satfva 

fat, IValayaii jttn, /art. As barley 

Maize 

Zea mays 

Mahi \ Makai. 

Mansun break 

In Julyand 

Rice 

Oryza sativa 

DhiAn , Baranj. 

Bet Jan.& July 

Bet. May c 


The Millets. 

Great Millet Sorghum vulgare, /udr t /unri, Cholam. Mansun break to Nov. 
Spiked Millet Penicillaria spicata, BAjra, Lahra, Kambu . do or later 

ItalianMillet Setaria Italica KAngni \ Tdngan. Mansun break to Sept. 

Eleusine coracana Mandates, Makra , JRagi. 

Panicum miliaceum Chehna, Chinva, Varagu. March M 

Panicum Silmvan Samel) A , , , r , . . 

fnmieMuceun, Sacred Millet / M “ sun break- End of Aug. 

Panicum psilopodium Kutki \ Mijhri. June October 

Paspalum scrobiculatum Rodon, Koda. Mansun break October 

Legumes. 

Com. gram Cicer arietinum Channel, Nakhud From mid. Sept. A 

Lentil Ervum lens Masur. Rabi crop, like [ 

Paralytic pea Lathyrus sativus Kassar, Kasari \ Tiuri. Rabi crop, like ] 

Common pea Fisum sativum Mattar. End of Sept . M 

Field pea Pisum arvense Desi mattar, Chattar. do. dc 

I Phaseolus mungo MAng. Mansun break Oct 

Phaseolus radiatus Urad, Mash. do. Aug. and 

Phaseolus aconitifolius Moth. do. do, 

^ifean CnC ^J Vigna catiang lobia, Rausa, Sonta. Like Mung 




Soil, Cultivation, and Produce. 


Heavy loam (dxnit) ; Ulon cotton, miire, or »&IIosr ; 03 manured sites close to villages. 
Eight ploughing*. Saed too to <40 lb*. per acre. Irrigated once before sow iag, thrice daring 
growth. Liable to rest, i«at and bait. Yield, uaimgxted 720 lbs. ; irrigated, 1 233 lbs. per 
acre- Exports too cxx> tons. 

Light soil, unaanared. Four plosghisgs. Seed tooto i2olbs.peracre. Tiro waterlogs ; liable to 
smat. VIeiJ, uoirrigated S » Its.; irrigated, t 2S0 lbs. per acre. Straw in weight 1 J times yield 
in grain. 

Corresponds to barley ; bst is grown for /adder ; requires irrigation. Yield, 800 to 1 440 lbs. per 
acre ; implored by ninure ; requires better soil than toiley does. 

JIanuredsoU. Few* ploughing*. Seed 12 lbs. per acre. Two waterings; plants banked ; mlch 
watching. Yield I 123 lbs. 

Sits' clay ; eren osar. Two tosi* ploeghings, or hand dng to six inches. Seed 80 lbs. to the acre ; 
banked fields ; transplanting is optional. Subject to green fly in August. Yield, nn talked &00 
to I 2S0 lbs. ; | of this is grain. 

Loon. Two ploughing* i 10 to 24 lbs. of seed per acre. Generally mixed crop. Yield 6f3 to 
Sgo lbs. grain, and large quantities of filler. Liable to bunt and to poisoaoas insect Ihiunri. 
Mach watching. 

light, poor soil; co man are or irrigation. Two ploughing*. Seed 6 IV t. per acre. Liable to 
bun*, mildew ; supers from excess of rain, and from extreme drought. Yield 470 to 5 So lbs. 
Manured * good sod. SaSen mach from birds. Yrfli JJ3 to 423 lot. per acre. Straw nearly 
useless as folder. 

Light soil, even grows on shingle. Seed 10 lbs. to an acre, baffjt from tea 77 min. Yield 
433 to I 1*3 lbs. 

tight soil. Seed 10 lbs. to aa acre. Irrigated from weEs. Precarious. Yield 550 lbs. Straw 
useless as fodder. 

light sod, grows even on saLne. Seed 13 lit- to an acre. S— ;rs baa bight aalereeuive 
rain. YkVJ 7 to lbs. 

Crown on the poorest Unit. Average yield 160 lbs. per acre. 

Oa poorest *oiL Sen! 12 to so lbs. to an acre. Yield &» to 9S3 lbs. nnhasked. Sriin from 
insects. 

On heavy clay. Soloioolbs. Un-rn gated- Scflers from frost or ccl I. Yield 643 lbs. 

Also on any sod as a mixed cop with wheat or barley , irrigated ; a!,o with r tpe *n<l Lnseel. 

Oa all toils. So lbs. to an acre. Proliec. umrrgated 6;o lbs. ; irrigated </fi lbs. 

Oa very heavy clay ; ia mire and rice stubble. Verytariy. Tiejnj q!ko pualpa. 

Heavy soil. 1 23 Ibt- per acre. Yell, nmrrigated 360 lbs. ; irrgatcd S30 lbs. Chad same weight. 
Correpoc I to common peas, but are less proLfie. 

Oa Igil soi!»: erixed trap with coetmi or mTet. It w.-.hcands drought. and does not 
impoverish soil. 

Oa heavy sod, carl with cotton or mdL-U. Ss?ers from m— ew. Resembles mas 5. 

Oa the wot! Ian das a sole crop , g-ves a heavy ©micro- Yield 6*3 lbs. 

JPirl crop with cotton or edicts. If aloce c yields 430 lbs- per acre. 


JLxrJ with bl,"ra. 
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Pigeon pea 
(Climbing bean) 


Oil Seeds. 

Rape 

(Toria) 

(A mustard) 
Sesame 
Castor plant 


Botanic Term. Indian Names. Sown in. Cut 

Cajanus indicus Arhar , Titur DU. Mansun break 

Dolichos Lablab Sent, Sembi. 

Cyamopsispsoralioides, Guar, Kudra. Mansun break 

Khulh, 

Eruca sativa Dttan, Taramira. Sept, to Nov. 

Brassica campestris Sarsun (pi/a &• kith) (Accomp. its mixed 
Brassica campestris Tori, Toriya, K/tti) a. Cut in 

Brassica juncea Nat, Zahi. Cut in 

Sesamumindicum Til,Jinjili. Alan sun break 
Ricinus communis Ntndi, Eranda. Just before Mansun. M 


Linseed Linum usitatissinum A 1st, Tisi. Rabi crop 

Gourds, <5 re. 

The cucumbers, gourds, melons, pumpkins, & c., are extremely numerous. April. 
Dyes, Drugs, Fibres, £rc. 

Sugar-cane Saccharum officinarum Ikh, Ukh. February Jam 


Indigo 


Indigofera tinctoria Nil. Beforeorat Mansun break. Aug.or < 


Safflower 

Carthamus tinctorius Kusumbh, Ear, 
Karar. 

Oct. 

Feb. & Ap 

Poppy 

Papaver soniferum 

Tosta. 

Oct. 

March 

Tobacco 

jNicotiana tabacum 

Desi, iatnbaku. 1 

[ July 

Feb.] 

Rustic Tobacco 

Nicotiana rustica 

Kalkattia tambaku. \ 

| Nov. 

Apr. j 

Cotton 

Cossypium herbaceum Kap&s, Ban Bdri. Mansunbreak. OcttoJ 

Hemp 

Cannabis sativa 

Bhang. 

May 

Se 

San hemp 

Crotalaria juncea 

San, Santa. 

Mansun break 0 


Roselle hemp 


Hibiscus cannabinus f Ambdri, Tulsan. I . 

( J'ihva 1 Lnttia } Van °“ s 
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Soil, Cultivation, and Produce. 

Any soil, as mixed with cotton or millets. Killed by frost. Leaves and stalks are valuable. 
As a green vegetable, not for grain ; as a border crop, but never aloDe. 

A green fodder crop ; also for grab. Yield goo lbs. per acre. 


Any soli. Mixed with gram, barley or bejbar, or in cotton fields ; for food oil and lighting oil. 
Mixed with wheat or barley. Suffers from aphides. Oil is i weight of seed. 16a lbs. per acre. 
Sole crop. Atone it yields 320 to 480 lbs. per acre. 

Mixed with wheat, barley or peas. 240 lbs per acre. Oil is J weight of seed. 

Light sod, rough cultivation Seed 16 to 24 lbs. per acre. Ruined by heavy ram Yield 400 lbs. 
Border crop to cotton and sugar-cane. Seeds yield | the weight in oil. Cut down after a year. 

r Heavy soil ; also in rice stubble. Yield 480 to 800 lbs. per acre of seed, for oil ; unirrigated 
| and irrigated. 

In any light sod, without any care. Exceedingly prolific in islets, river beds, Ac. 

{ Good loam, manured ; after a year’s fallow. Manure 6 to 8 tons per acre ; ploughings 12 to 25. 
20000 cuttings per acre; 3 hoeings, 2 weeding*. Yield 1 600 to 2400 lbs. of sugar per 
acre. Annua! export So 000 tons. 

( Loam, or light sand ; after sugar-cane or cotton. Not manured Ploughings 4 Seed 16 Ibt. 
to acre Waterings 2 to 6 Weeding* 2 Yietd 6 400 lbs per acre 

( Light soil. Seed 20 to 25 lbs. Often mixed crop ; irrigated Suffers from insects. Yield 
60 lbs. dry florets. 

/ Manured good loam. 6 to 8 tons per acre. Irrigated with nitrates and saltpetre dressing, 
j Ploughings 8 Seed 3 lbs. per acre. Watering* 5. Weeding* 3 Suffers from cater. 
* pillars. Yield 23 lbs. opium per acre. 


( Highly manured loam; irrigated with nitrates and saltpetre dressing. Ploughings g 
Transplanted 6 inches apart after three months. Waterings 8. Suffers from frost and grey 
mildew. Yield Soo lbs. tobacco. 

( Good loam, with manure or not. Seed 8 to 12 lbs. per acre. Plonghings 4. Weedmgs 2 to 4. 
Little watering or none. Good drainage. SnfTers from gnibs and caterpillars. Yield led 
to 200 lbs. clean cotton. 

( J I t'gh )y manured soil of an f sort. Seed 60 lbs. to acre. Weld, charts 6 lbs, ; fibre 310 lbs. 

Seed 70 lbs. 

f Light soil, not much manured. Ploughing*. 2. Seed So lb s. to an acre. No weeding or 
1 watering. Yields 640 lbs. of clean fibre (arjAa ran) per acre. 

Border crop with Indigo or with cotton. Fibre used for sacking. Yield 50 to 300 lbs. fibre per acre 
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North-West Provinces. — Varieties oj Crops according to Fuller. 

Wheats — Some of the chief varieties and terms used are — 

Daudi or dudia, a variety of soft white wheat 

PaigJtambari. — A variety, round berried. 

Bad/ia, — Term for hard white wheats 

Pissu — Term for soft red wheat. 

Kelt hi a or lallia. — Term for hard red wheat. 

Mundta. — Term for beardless wheats. 

A mixed crop of wheat with barley is termed gojai; a mixed 
crop of wheat with gram is gochana , or birra. 

Barleys. — The six-rowed variety, hexastichon, is most com- 
mon ; the two-rowed variety, distichon, is rare ; a sub-variety of 
distichon, termed gymnostichon or paighawbari or rasith, of 
Arabian origin, also exists ; its flower-scales drop off in thresh- 
ing ; it yields as much as I 720 lbs. to the acre. 

A mixed crop of barley with gram is termed bcjhra. 

Oats. — This is a crop of English introduction. The old 
method was that an Englishman supplied seeds for the agricul- 
turists to grow on soil prepared for a barley crop, but more 
frequently for fodder (three cuttings) than for the grain. 

Rice. — The chief classes are three — 

1. Tall, feathery, protruding ear ; thin yellow husks. 

2. Shorter and more erect ; less protruding ; thick 

husk, red or yellow. 

3. Commoner sorts, short stems, partly enclosed ear ; 

husk dark or black. 

Varieties of the first class are naha, bansmatti, bdnsphal, jhiltna. 

Varieties of the second class are scondhi and susnhdra. 

The chief and commonest variety is sathi, a rapid crop 
grown in sixty days. 

The wild rice is termed passari or phasalii , and a sub-variety 
of it as tinni. 

A rice crop sown broadcast, and grown without transplanting, 
is termed inunji; these are the commoner varieties, sown at 
mansun break, termed bhadoi or huari, according as the crop is 
cut in August {bhadon), or September (kudr). 

A rice crop, transplanted two or three weeks after sowing, and 
of the superior sort, is termed aghani, being cropped in Novem- 
ber (agha/i) 

\ 
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Hot weather rice, termed boron or jethi, is sown in January, 
transplanted in February, and cut in May. 

Unhusked rice is termed dhan ; husked rice, chaxval, and rice 
straw, pial. 

Great Millet. — Very numerous varieties, both white-grained 
and red-grained. The three chief are — 

1. The double-seeded, with two grains to each husk. 

2. The short variety, with stalks only three or four 

feet 

3. Cltdheha .■ — A variety in which the grain is com- 

pletely covered by the husk, and suffers less from 
birds. 

Juar is grown for green fodder, chart, or for its dry stalks and 
leaves, as dry chopped fodder, larbi; also for its grain, the 
staple food of the inhabitants. 

Spiked Millet. — The two distinct varieties arc — 

I. Bnjra, with large grain of greenish colour. 

2 Bajri, with smaller grain of reddish colour. 

The small Millets.— -The varieties of these have received little 
attention. 

Pulses 

Gtarn. — The chief classes of varieties arc — 

1. The large-grained, markedly reddish grain. 

2 The small-grained, light-brown grain. 

3. The Kabuli, very large grain, white ; resembling the 

Garbanzos of Spain and the Spanish colonics of 
South America 

4. The black grain, corresponding to the Portuguese 

small beans, and those of Brazil, but smaller In 
all sorts ; the tops arc cropped as a vegetable, sag, 
and the straw (bhusa) is excellent as food for 
cattle. 

Lentils are vetches, vteue, of the same tribe as gram, during 
growth resembling them much ; but the leaves of lentil arc 
alternate, and nearly sessile, while those of gram arc in pairs, 
and serrate. Kassar is also a vetch ; its seed is a slightly- 
flattened pea. 

Mting . — The ordinary mung has green seed and dark green 
leaves, but there are two other \arictics haring yellow seeds and 
black seeds ; the bltusa is excellent for cattle. Ur ad is a variety 



/ 


1 

} 



• JXDIA. 


4SJ 


of mungo, with dark-brown large seeds, rather long, and hairy 
yellowish-green leaves. Moth is different in many respects, 
and has small light-brown seeds, oblong in form. Lobia is a ho 
different, having small foliage and reddish purple flowers, while 
inung > urad and moth have yellow flow ers ; but all are of the 
tribe Phascolus. These Indian pulses arc greatly superior to 
the small millets, from not impoverishing the soil, from their 
hardiness against drought, from the excellence of their bhiisa 
for cattle, and of their seed for human food. 

The pigeon-pea is a phascolus, having many varieties ; Sent 
also, but this is grown as a vegetable for its green pods, not 
for grain. Guar, or k/mlti, of the tribe Galegea:, having large 
trifoliate leaves, is excellent as green fodder as well as for 
its dry pulse. 

Oil-seeds. 

The oil-yielding Brasslcc.-e are very numerous in variety, under 
the four classes given in the general list ; the varieties require 
a botanical expert of high order. 

Sesame yields the sweet oil used over the greater part or 
India. There are two varieties, one with black seeds, til; the 
other with white, tilt. It is not grown in rainy tracts, where 
the oil-yielding makua tree (Bassia latifolia ) abounds, and a crop 
of til might suffer. 

Castor oil plant is grown for lighting oil and lubrication ; 
the stalks for thatching. 

Linseed is grown for its oil and for the oilcake, not for fibre. 
The common linseed is brown, but there is also a white-seeded 
variety, especially useful for colour-mixing, which is also generally 
superior. 

Other Crops. 

Sugar-cane . — Edible cane is eaten raw- and as a sweetmeat ; its 
‘principal variety is termed faunda, and has a soft, thick, juicy 
stalk. 

The chief varieties of the non-edible cane, grown for pro- 
ducing sugar, are (i) dikehan or barokha, a cane ten feet high, 
soft and very juicy ; (2) aghcli or matna, five or six feet high, 
yielding less but thicker juice; (3) chin, a tall, hard, reddish 
cane ; (4) dhor, a short, white, hard cane. The two latter arc 
grown on inferior land, with less care. 
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Indigo — There are several wild varieties of this legume, as 
well as the cultivated ones ; the only two mentioned as classified 
arc the indigo/era atro-purpurca of the Himalayas, wild ; and 
the indigofera anil , cultivated in Southern India. The asarpi 
unirrigated indigo system forms the old staple crop in this 
province. It is sown at mansun break, and reaped in Septem- 
ber. The roots are left, and a ratoon crop ( khnnti ) is grown from 
the roots in the following rains. Under the new jamoiva system 
the chaili indigo is sown and cropped a month earlier ; the soil 
is ploughed and prepared for a rabi crop. This necessitates 
irrigation, but enables two crops to be had from the land in the 
year. When a seed-crop is wanted under the jamowa system, 
the roots arc left for a ratoon seed-crop in December. Indigo 
is not a popular crop, as it involves the factory system, carried 
out under unpleasant driving. 

Safflozvcr — The varieties are — ist, the wild safflower of the 
Panjab, carthamus oxjacantha ; 2nd, the ordinary thorny-leaved 
safHowcr ; 3rd, a smooth variety, mttrtlia. 

Poppy. — There are numerous varieties of the w hite poppy, w hich 
in this province is preferred to the mahva or red purple poppy. 
In the Panjab the same preference is shown for the ragged-edged 
white poppy. 

Tobacco. — Nicotianatabacnm is probably of Arabian introduc- 
tion, corresponding to Latakia ; it has pointed leaves grow ing on 
the stem, or sessile, and pinkish headed flowers. Nicotiana 
rustica is that of Turkey and of the Philippines, with stalked 
and rounded leaves rather crumply, and flowers pale yellow and 
short in the tube. The inodes and seasons of culture vary much , 
apparently it might grow at any time, except during frost, as 
it is otherwise a sure crop, not attacked by insects. Sdzoam 
tobacco is sown between July and August, in small seed-beds, 
with wood ashes, transplanted in October, and cut in February. 
/Istirlti tobacco is sown in November, planted out in February, 
and cut in April or May. The cultivation is of a high order, 
and expensive — about j£ 3 per acre. All the risk is in the curing 
of the tobacco, which requires perpetual skilled superintendence. 

Cotton. — This hibiscus forms the staple crop, with little 
apparent variety, under the widest appellation of blri, its other 
names not indicating varieties. These produce fibre of short 
staple at the end of the rainy season. There is also the norma 
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or vtanua gossypium arboreum, with more fleshy and shiny 
leaves, and an improved sub-variety termed radya. These 
occupy the ground longer, and produce fibre of long staple in 
the hot season. 

Hemp . — -This crop is chiefly confined to the valleys and tracts 
bordering the Himalayas (Tarai), where it grows wild. In some 
places it will yield fibre worth extraction ; in others it will yield 
the intoxicant charas, the most noxious of all stimulants to 
the human constitution, when habitually used. Low-caste men 
alone will cultivate hemp. The varieties are not mentioned. 

San . — The varieties of this leguminous broom, with rattling 
seed-pods, are not mentioned. Its fibre is used for ropes and 
string. It resembles arhar in appearance while growing. 

Roselle Hemp . — This is a hibiscus, yielding a soft, whitish, 
silky fibre, used for sacking (tat) or gunnybags ; also for 
cords for drawing water, dol. Its leaves arc rather like hemp 
leaves. 
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North-West Trounces. — Value of Irrigated Crops in 1882-83 


Ganges Canal in 1SS2-83 

Area 

Trod vice in lbs 

Value of 
produce. 

Value of 
crop front 



Acres. 

Lbs. 

£ 

£ 

Sugar-cane 

. I09 261 

— 

70G607 

65 

Garden produce, including ) 
orchards and water-nuts J 

9007 

- 

59466 

66 

Rice 


30 53* 

26 070 08c 

151 486 

50 


C Wheat 

343 °34 


1 302 200 

39 


1 Barley 

,s 14S 

80 295 200 

182 700 

24 


| Maize 

20413 

II 707 680 

19445 

09 

1 h 

1 Great Millet 

2 047 

I 202 080 

3 718 

1-8 

Common Millet (chena) 

1577 



1293 

08 

0 

Miscellaneous, includ-l 





ing Bajra, Gojai,l 
Bejhar, Mandwa and j 
Others ) 

49 3 6 S 

- 

77997 

16 . 


'Common Gram 



1 23553 

22 


Peas 

l6 636 


25 120 

1-6 


Miscellaneous, includ- 1 





ing Urad, Masur, > 

\ and mixed crops j 

10 727 

— 

17 770 

1-6 

' 

[ Oil-seeds, 2 1 

l Miscellaneous, 13S j 

140 

- 

248 

1*7 

Fodder — I 






Lucerne, Chart & Misc. 

9 5*5 

31 184 640 

9687 

10 


/Cotton 

22 96G 



63 893 

31 


Flax 

48 

— 

123 

25 

O P 

1 Indigo 

140 974 

— 

231 918 

' 20 

- 

| Misaellaneoui 

1 0S4 

— 


23 

% *a 

j Opium ... 

110 

— 

352 

33 

K 0 

^Tobacco 

174 

“ 

763 

4 6 


Total 

s 53 493 



_ 

_ 


Insufficiently irrigated 

2 54* 

“ 

— 

— 



s 5 6 03s 

i 

2936051 
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Dakar. — Value of Crops fir Acre 1882-83. 


On the Sohan Canal, 1SS2-83. 

Area. 


Acres. 

Sugar-cane 

18653 

Garden produce 

*3 

Paddy 

52 9 2 ° 

/ Wheat 

4 Barley 

H j Barley and wheat 
fc 1 Barley and peas 

U j Oats ... 

1 Common Millet (chena) 

S887 

5 8o 9 
*57 

2 

5 

22 

. ( Oram . 

§ Peas .. 

'S | Lentils . 

^ \ Xtahar (Arhar>) 

*3 

996 

2 

5 

>2 { Mustard 

« < Linseed 
g ( Castor nuts . . 

4 

43 

4 

< "S ( Khesari 
< Murwa 
^ ^Buricah 

12 

IO 

5 

jM j, /Indigo 

£.§§1 Safflower 

lOpium 

362 

z 5 

1 065 

Miscellaneous 

31 710 

il | FivC’yciar Icisc hhutif 
"5 J five-year lease Rabi 
% ( Five year lease Sugar-cane 

35 l Q 6 
ir 581 

6 290 


Trod uce. 


Value. 


Value of 


Total... 
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Dakar. — Plantations of the Sohan Canals in 1882. 


Name of Tree. 


Babul 

Eakain 

Gurour 

Gular 

Jak 

Jaraan 

Mango 

Mohua 

Nun 

Pipal 

Stria 

Sfsstt 

Tamarind 

Tar 

Teak 

Tun 

Others 

Totals 

Total in 1882 



Eastern 

Sotun. 

Amt ' 

Baxar and 


Number 

Number. 

Number. 


21 5*4 

— 

336 


4 no 

2 085 

320 


475 

282 

— 


807 

— 

139 

. 

46 

782 

16 


1 477 

* 4&5 

1 584 


2925 

2 l6l 

598 


907 

2 82S 

375 


1 3 06S 

3 504 

2 680 


I odS 

613 

3°9 

... 

'3839 

*4 993 

t 145 

. 

38 020 

16484 

5 *77 


749 

1 027 

1 418 

. 

4038 

— 

— • 


199 

1 864 

— 


21 493 

864 

1 412 


11 594 

6 260 

545 

. ... 

136 269 

553°* 

17 *23 


... 208694 | T otal in 1881 178467 


Bencal. — Crop s and Plantations. 

The crops grown under the influence of the Midnapur 
Canal arc almost entirely rice — the staple crop of Bengal ; 
occasionally, perhaps a little boro dhan, or hot season rice, and 
some small cold weather crops may be raised. This being a 
region in which the annual rainfall ranges from 3 to 6 feet — 
'average 4'S feet — it became important to decide whether 
irrigation effected any increase of crop. Experiments on a 
large scale, extending over ten years, have proved that the 
advantage from irrigation is manifest, excepting in years of 
excessive rainfall ; apart from the undoubted advantages of sav- 
ing all the crops in seasons of drought and of irregular rainf;.!* 

The following table illustrates the results of the experiments, 
as regards w eight of produce ; it is also possible that irrigated 
produce may be of better quality and command higher prices, 
but this is not stated. The weights are in maunds of uncertain 
value (So tollahs?) and are hence not reduced to English 
weight (The Imperial maund =40 scr m 3 coo tola.) 
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Percentage of 
Difference. 
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Ptnce per round ; stow, 3 to 6 pence per meund. 



IRRIGATED CROPS. 


491 


Mtdnapnr Canal — The plantations chiefly consist of babul, 
coconut, rain tree, or jhn, karunja, mango, and hhiris ; the extent 
of the plantations in 18S2-83 was not large. 


Southern India. 

The Watering of Crops j.y Orissa. 

The Late Crops, watered between June 1 and December 1 : — 

On ground from I On ground from 

1. Sarud rice ... April to Feb. 3. Laghu rice ... May to Nov. 

2. Biyali rice ... May to Oct. | 


The both Season Crops, requiring perennial watering : — 


1. Sugarcane ... 

2. Turmeric and 1 

ginger J 


On ground fiotn 
April to Mar. 

June to Mar. 


On ground from 

3. Yams May to Feb. 

4. Brinjal ... June to Jan. 

5. Pan and plantain Whole year. 


The Early Crops watered between December 1 and June 1 : — 


On ground from 
1. Dalua rice ... Feb. to May. 
*2. Wheat ... Nov. to Mar. 
*3. Barley ... „ „ 

*4. Cram and peas „ „ 

5. Achua cotton Nov. to July. 


On ground from 
* 6 . Tobacco ... Nov. to Apr. 

*7. Coriander ... Oct. to Feb. 
*8. Onions and 1 

garlic i Nov. !o Jan. 

9. Achuacastoroil Nov. to Feb 


The Dry Crops not requiring irrigation are : — 


late Craps. 

1. Mandia. 

2. Biri pulse. 

3. Black kulthi. 

4. Black mug. 

5. Jute and hemp. 

6. Haldij a cotton. 

7. Haldija castor oiL 


Early Crops. 

1. White kulthi. 

2. White mug. 

3. Hamr chaitra. 

4. Mustard. 

5. Linseed. 

Both Season Crops. 
U Harar cali. 

Til. 

Mses 


CTjl ' 


B T B . — The crops marled (*) 



JADI/t. 


4112 


The usual rotation of the dry crops is, ist year, fliyali rice 
(which, like Laghu rice, can be grown without irrigation), 
followed by pulses, kulthi, mug, linseed, or mustard ; 2nd year, 
cotton, turmeric, ginger, or sugar ; 3rd year, fallow. 

The country cotton is an annual ; of oil seeds, castor oil is 
the only one that profits from irrigation ; pulses and linseed 
suffer from rain ; ginger and turmeric require only one or two 
\\ atcrings ; sugar-cane is sometimes planted as early as February 
and cut in November. There is a rice of coarse species grown 
in swampy tracts called lloro dhan. The yield of Sarud rice, 
the staple crop, is said to be doubled by irrigation, and amounts 
to 10 cwt. per acre. 
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Orissa. — Value of Crops per Acre in 1S82-S3. 


On Ik Orissa Canal, 1882 - 83 . 

Area. 

Value of 
Produce. 

Value of 
Crop from 



Acres. 

£ 

• £ 

Sugar-cane .. 

393 

10 045 

25 2 


Turmeric 

55 

630 1 

15-2 


Garlic... 


28 

; 56 

0 

Brinjal 

32 

252 

79 

a 

Vegetables 

iG 

48 

1 3- 

0 

Plantain 

S 

87 , 

10 9 

Ph - 

Saru .... 


20G ! 

41 


I Pan 


1050 

50 

•O 

! Supari (Nut) 

1 

133 

133- 


Onion.. 

36 

450 

12-5 


Chillies 

3 

15 

5- 


_ Cucumber 

* 

C 

3 

Wheat 

1 

15| 

1-5 


f Sirud and biyali 

128530 

154 230 

12 

p$ 

l Dalua. 

8 S5 

599 

07 

0 - 

fMug • 

1 >5 

230 ! 

20 

“4 

Mandia 


14 

07 

?>- 

Chena . 

2 

14 

07 


Achu 

1 

10 

1 - 


Inker . 

14 

11 - 1 

1 

•0 

| Mustard 

, 

10 

0 0 


j Castor seed 

8 , | 

321 

10 

b 

l 




Indigo 

*33 1 

133 1 

10 

Cotlon 

2 660 j 

18351 1 

G-9 


Total 

mozs i 

167070 

- 


Orissa Canals . — The plantations chiefly consist of Date, 
Mulberry, Punang, Coconut, Betel nut, Palm, Kurranj, and 
Mango; the total of seedlings, saplings, and trees abo\e 12 
feet, being 122 519 in ISS2. 
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Ekitriments is* Watering Rice Croi-s in Okiss\. 

(Dr Mr. James Kimtfr, CE.) 

The Balagurriah Plot of 54*3 acres was irrigated by means of 
a shoot 1 foot square, and a field channel 700 feet long therefrom 
The experiments were made in the year iS~2, which had a total 
rainfall during the irrigation season of 53 inches. From the 7th 
to 14th July, i $72. the water ran with 0*5 foot depth in channel, 
and a head of 1 foot, the discharge of those seven days being 
g 6 $ 5S4 cubic feet or I 5S cubic feet per second ; gauge reading- 
being made four times a day on each side of the field sluices. 
The readings, reduced and entered, were averaged to give a 
mean daily head ; from this, the amount of opening, and the 
number of hours open, the daily discharge was calculated. 
The total results were thus 

Total amount of water given 2 SS5 ocG cub. ft. 

Area irrigated 2 36S 02 S sq. ft 

Amount of water represented vertically 1*213 feet 

Number of hours irngaung . ... 674 hours. 

Duty daring actual irrigation of 1 cub. ft per sfc. 46 acres. 

Or actual duty on the area of 1*19 cub. ft per sec. 54*3 acres. 

A similar experiment was made on the Srimantapur plot, but 
in this instance nearly double the water actually needed was 
used in order to obtain as much silt as possible ; this then gave 
a duty during actual irrigation of 1 cubic foot per second to 5S 
acres over forty-eight days. 

In the former ca^c, however, the irrigating period was G74 
hours, or twenty-eight days. Now* the works generally arc 
designed to give the same quantity of water, but spread over 
120 days, hence each cubic foot of water from the canal might 
be made to do = 4 times the duty shown in the present 
experiment, and, taken this way, the duty capable of being 
effected would be 4x46=184 acres per cubic foot per second ; 
or, taking an average of the two sets of experiments, of which 
the latter seems of little value in combination with the former, 
of 152 acres per cubic foot per second. But an average of this 
sort cannot so well be determined from an isolated plot as It 
could be from utilisation of the whole of the discharge of a com- 
pleted distributary. The most useful result In this case was the 
absolute amount of water per acre taken from the channels, 
which was — V/ — g = 53406 cubic feet in the first case, and 
very nearly double that in the second. 
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Barar . — The Unirrigaled Crepe. 

According to L. Jacksok, Executive Engineer for Irrigation. 





| ! 

J 

1 

Produce per acre, 

Umrrigated Crops. 


of sowing. 

€ 

-s 

s 

excluding 





« 

0 


The Jarayat Kharif, or early 
dry crops. 


Days 

Days. 

Dajs. 

Average. Max. 
Its. Ibs. 

Cotton, Gossypium her- 

■ July 




baceum 


5 

120 

150 

100 317 

t Jorcart, IIolcus sorghum 

io July ! 

7 

120 

150 

300 630 

t Bajri Holcus spicatus 


i Aug. 

4 

! 90 

10 S 

300 450 

Til , Sesamum onentale 


29 Aug. 

7 

90 

»°5 

200 660 

t Rice, Orizasativa 


Different 

5 , 

60 

105 

200 600 

Ambon, Hemp, Hibiscus 

10 July 



80 bundles 

cannabtnus ... . 


3 

90 

120 



10 July 
10 July | 



90 

75 

JOO Lundies 
120 

t JJhadtt 


5 

60 

Muth Ph. acomtifolius 


10 July 

5 

00 

i°5 

8o 

IJolag 


to July 

S 

1 9° 

1:0 

80 

* Udtdh 


7 

90 

105 

240 

* Mug, Thascolus mungo 


to July 

4 ' 

105 

120 

300 

* Tu r . 



5 

90 

120 


f Ginger, Zingiber oflici- 

July 




nale 


12 

700 

I coo 


Red repper, Capsicum 






annuum 



I 




The Jarayat Rati, or late 
dry crops. 



1 




+ Wheat, Triticum vulgare 
t Tobacco. N icotitma ta- 

22 Sep. 

5 1 

105 

■IS, 

200 330 

bacum 


Sep 

8 

90 1 

ISO , 

200 4S0 

Lards 


25 Sep. 

5 1 

90 | 

>35 1 

120 

Lakh . . • 1 







Gram, Ciccr arietinum 

/ureas I 

(I/Cntil) Masur . . j 





i 



9 Oct. 

5 I 

105 

1 

>35 ; 

J 80 

j So 

t I’ll Unit 





J 


Ga dm el ... 1 





1 

l 80 


Rough data of increase of yield to the abose crops by irrigation 
Jowari, one half more. 

Jiajri, one quarter more. 

TiC one half more. 


Rice, four times more. 
Wheat, 

Gram, 


| one quarter more. 


* Supplementary crops, sown an.ong other*, t Crops that ray be as«>*eJ by irrigation. 
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JJ tRAR. — Tie Irrigated Crop. 

A«arJiti“ ti I.. JACKSOK, Exeevtii e /* n-m«r fer Irrigation. 


Bijjhavat or \»ct crops grown on 
land perpetually irrigated or 
kept damp by rain. 

i Uliul da' 
of rowing 

| 

1 

Crop cut 

I Produce per 
acre, excluding 
itrarr, &c. 



Day 

Da) 

Da) 

Average. Max. 






lbs. 11 ix. 

Maize, Zca mays 


5 

75 

,0 5 

100 — 

Feppcr, Capsicum perennium 

■July 

7 

105 

370 

2 000 — 

litngan or Dritjal, Sola. 






num mclonganum 


7 

1 so 

370 

4 000 — 

Bhoitnugy Phascolus mungo 

„ 

5 

90 

120 

800 — 

Gatja, Cannabis satis a 


S 

15° 

■SO 

1 600 — 

Onion, Allium cepa 

55 Sept. 

7 

37 

120 

— — 

Garlic, Allium sativum 


S 

37 

120 

— — 

il/t//«',TrigoneIla fcnugnccum 


7 

3° 

,..0 

— _ 

Carrots, Daucus carota 

„ 

8 

75 

75 

— — 

Kandy Batatas edulis 


S 

•« 

'35 

r 200 — 

Opium, Fapaver somniferum 

1 Nov. 

5 

75 

90 

ro 20 

Sangnturla ... 

” 

s 

75 

90 

— — 

Rajgura 

.. 

5 

90 

120 

240 — 

Wheat, Triticum vulg&re .. 

» 

5 

105 

20 

300 

Sugar-cane, Saccharum offici- 






narum 

March 

12 

300 

00 

600 7 500 

Sang of Goor 


7 

37 

75 

— — 

Bhend, Abelmoschus escu- 






lentus 

„ 

7 

40 

80 

_ — 

Karli ... 


7 

75 

90 

— — 

Tttrai (Cajanus indteus?) . 


8 

90 

20 

_ _ 

Kawala 


5 

90 

20 

— — 

Claivala 


5 

37 

75 

— -- 

Plantain 

23 May 

3 

t6o 

5° 

400 trees. 

Betal, Pan, Piper betel 


— 





_ 

Fruit trees 

» 

- 

- 

- 

- - 
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The Watering of Crops in B\rar. 

1. The following crops are watered daily in the hot season, 
and at intervals of from one to seven days throughout the rest 
of the year as required : sugar-cane, pan, plantain, bengan, sag, 
bhaji, and green vegetable produce ; when the sugar-cane is one 
foot high, the supply of water is reduced. 

2. The following crops arc watered once in three days in the 
hot season, and at intervals of from three to seven days through- 
out the rest of the year as required : ganja, opium, onions, garlic, 
perennial pepper, bhoimug, fenugreek, carrots, kand, chika, 
chakut, sangchawali, and the common produce of small vegetable 
gardens 

3. The following crops arc watered once in three or four days 
at all seasons, generally : anise, saffron, turmeric, gmger, ratalu, 
goradu, pendia, wangi, 

4. The following crops arc irrigated once a w cek generally * 
sang of goor, bhend, karli, turai, kavala, chaw-ala, sangmurla, 
and rajgura. 

5. The remainder arc: wheat, once in fifteen days; maize, 
three waterings to the crop, young fruit trees, once a week; 
older trees, four or five times a > ear. 

The ordinary conditions of well-irrigation in Banir arc thus. — 

The wells h.t\e an a\eragc depth of 30 feet, and are each 
worked by one pair of bullocks for nine hoars daily, which 
raise a leather bag (mot) containing 300 lbs of water. They 
can thus water half an acre daily well, but for a continuance 
cannot keep watered more than 3 acres of ordinary irrigated 
ciops The prime cost of a common unrc\etcd well is £ 30 , the 
bullocks £l~>, gear £0, in all £o0 , the daily expenditure is, feed 
of bullocks Is., labour of two men, at Is. each, in all 3s.; or 
about £oO a year. 

P reduce cj Crr/s at the Experimental Farms in Eanlr, 187a 
Yield of clean cotton in lbs. pci acre. 

Umrxoti Sli raison. i L’mraoti 

Itanni . . 1S4 S6 I Hinghanghat ... 1S0 56 

Jam ... 66 150 | Dhirwor ... 14 24 

Manured land yielded 430 lbs. of clean cotton per acre. 

The following were the yields of other crops : jowari, 
53S lbs.; wheat, 745; gram, 312; muth, 300; linseed, 27S; 
pca<, 40$ lbs. In ploughed land, jowari > ielded 66b lbs. 
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Tin iKkiavrrti Crcr^ or Tin iloncw Presidency. 
* Tie Trir.nfal Crept Irrigated in JSS2-S3. 


Wheat . 

Acte*. ] 
. 6 617 

Sugar-cane 

Acre*. 
.. Son 

Great Milfet 

2 $6l i 

Vegetables 

;6$ 

Spiked Millet 

5 34 * ] 

, Fodder and Lucerne 

... 3S3 

Rice 

» 947 1 

Fruit and other Trees 

• • 739 

Maize .. 

icS 1 

Other Garden Crops 

60 

Chino, Rala and \Va»a 
Ririey . 

1 1 1 

* 3 * 

Total 

6 961 

Other cereals 






Condiments 

- 599 

Total 

M037 

Oil seeds.. 

27 


« — 

Drugs 

144 

Ground Nut 

• 3 Gjj 

Sundries.. 

.. 2S2 

Gram, Urad and Mug 
Oilier Pu!*cs 

2 5 i; 

-35 

Tot -1 

4*052 

Total 

6 6S5 

Grand Total 

-•S735 


The total depth of watering considered necessary is: — 

For rice crop ... 4 months 1*5 feet 

Tor sugar-cane .. 11 „ yo „ 

A good well will keep irrigated from four to sis acres of 
inferior garden crop 


The Crops oe the Madras Presidency 

and TirEtR Seasons. 

Local name. 

riotanical Terms. 

Sown io 

Cot in 

Chelan 

Sorghum vulgare 

September 

December. 

fletmbu 

Fenicillaria spicata 

April ... 

June. 

Term at 

Fanicum italicum 

September 

Januarj. 

Chamai 

Fan: cum miliaceum 

July ... 

January. 

Gedambai 

Triticum \ulgire 

July ... 

December. 

Makkai 

Zea raais 

July ... 

October. 

% NtUu 

Oriza saliva 

July 

October. 

■ Ktvaru 

Eleusine coracjna 

June 

October. 

f Thovarai 

Cajanus indicus 

July ... 

April. 

fled jlai 

Ciccr arietinum 

July ... 

April 

U landu 

Fhascolus aureus 

July ... 

February. 

Pacha fay aru.. 

Phaseolus tnungo 

September 

December. 

rattani 

Ptsum arvense 

September 

December. 

l Tulkapair 

Fhaseolus aconitifolius 

December 

March. 


1 



Miscellaneous. Oil Seeds. Fibres. Dyes and Drugs. 
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Local Name. 

Botonical Terms. 

Sown in 

Cut in 

'Avert ... 

Indigofera tinctoria 

November 

March. 

Afanjel 

Curcuma longa 

August ... 

February. 

Injt 

Zingiber officinale 

September 

February. 

Emburchai ... 

Rubia cordifolia (Madder) October... 

February. 

Ku samba 

Carthamus tinctorius ... 

November 

March. 

Kasakasa ... 

Papat er somniferum . . . 

October... 

March. 

Poghrielli 

Nicotiana rustica 

January . 

April. 

Parali 

Gan/a (Hemp) 

Gossypium herbaceum 
Cannabis sativa \ 

May ... 

January. 

Alliiarai (Jute) 
Alhvarai (Flax) 

Corchorus capsularis | 
Linum usitatissimum ' 

Six months at any time 

Tanufanar 

Crotalaria juncea 

August . 

March. 

\ Pulchi 

Hibiscus cannabinus ... 

August ... 

March 

Sittamunak . . 

Ricinus communis 

August .. 

November. 

Kadagtt 

Stnapis, three varieties 

September 

February. 

Yellu 

Sesamum orientale 

January .. 

April. 

Katamilli 

Coriandrum sativum 

December 

March. 

Pusani kai . . 

Cucurbita maxima 

July ... 

December. 

Pudel 

Trtcosanthes cucumerma 

July 

December 

Kothaverai 

Trtgonelli fcenugrcccum 

July 

October. 

Ipteha kai 

Cucurbita cttrullus 

February 

ApnL 

1 Vallcri 

Cucumts sattvus 

April 

July. 

1 Molam 

Cucumts melo 

April 

July. 

\Sathakufa 

Anethum sowa 

December 

March. 


• Many varieties of nee are grown in the Madras Presidency one u * cold 
weather crop, and another is left a long time standing; but that above mentioned i> 
the staple crop, its period being coincident with the rainy season. 

The Watering cf Crops in the Madras Presidency- 
The general allowance of water to rice crops in the Madras 
Presidency is i cubic foot per second of supply to 40 acres ; to 
sugar-cane, gram, plantain, and garden crops, 1 cubic foot per 
second to 120 acres; ordinary field crops arc rarely grown in 
places where irrigation is available. 



Tiir Ikkigatih Crops or Tin, )io\trw Presidency. 
* The Principal Croft Irrigated in iSSs-Sj. 


Wheat 

• 6 f»i 7 

Sugar-cane 

Acres. 
... 5011 

Great Millet ... 

. 5 r.. 

Vegetables 

... 76S 

Spiked Millet .. 

2 34i 

Fodder and I.ucernc 

... 3 S 3 

Rice 

• * 917 

Fruit and other Trees 

... 739 

Maize .. 

icS 

Other Garden Crops 

... 60 

Chino, Rala and Warn 
Barley 

1 1 1 

Total 

69G1 

Other cereal* 






Condiments 

... 599 

Total 

>4 037 

Oil seeds... . . 

27 



Drugs 

... 144 

Ground Nut 


Sundries 

.. 282 

Gram, Urad and Mug.. 
Other Pulses 

2817 

* 235 

Total 

41 052 

Total 

6685 

Grand Total 

=S;3S 


The total depth of watering considered necessary is : — 



For rice crop 

... 4 months 


i*5 feet 


For sugar-cane 

... 11 „ 


3° 1. 

A good well will keep irrigated from four to six acres of 
inferior garden crop 


The Crops of the Madras Presidency 

AND THEIR SEASONS. 


Local name. 

Botanical Terms. 

Sown in 

Cut in 


r Cholatn 

So'ghum vulgare 

September 

December. 


Kambu 

Fenicillaria spicata 

April ... 

June. 


Tennai ... 

Fanicum italicum 

September 

January. 

E ' 

Chamai 

Fanicum miliarcum ... 

July ... 

January. 


Godatnbai ... 

Triticum vulgirc 

July 

December. 

0 

Atakkai ... 

Zea mais 

July ... 

October. 


*A r ellu 

Oriza sativa 

July ... 

October. 


Kevaru 

Eleusinc coracana 

June 

October. 


1 Tkwerai 

Cajatws indicus 

M’ ~ 

.April. 


Kadalai . . 

Cicer arietinum 

July ... 

April 


XJlandu 

Phaseolus aureus 

July 

February 


Pacha pay aru... 

P hascolus -mungo 

September 

December. 

Patlani 

Pisutn arvense 

September 

December. 


\Tulkapatr 

Phaseolus aconitifolius... 

December 

March. 



crops Ann wa it /•//< « , 


Local Name. 
'Avert 
Man] cl 
Jttji 

Emburchai . . 
Kinamba . . 
Kasakasa 
\Poghrittti 
/ Parati 

, I Gattja (Hemp) 
5 \AUnarai (Jute) 
^ | Alhvarai (Flax) 
\Tanufanar . 

\ Pulehi 

^ .SiUamunak 

Kadagu 


h n 

[/.„ 

// 

/-*. 


u > 


. A IW/tf 

2 I AW 


^ \KatamiUi 

I Pusani kai 
Pudel 
Kot haver ai 
\lruhokai 
1 Valltri 
j Moiam 
' \Salhalufa 


Bol-Wtic*! Ttiir.t. i,,n . 

IndigoferatifKlor u Js'v** uC/t 

Curcumi longs 
Zingiber officinale 
Rubin cord i folia (lUAii r) 

Carthamuj tinctonus , , Kwt uhnt 
l’apaver somniferum tytyUr 

Nicotiana rustici J*nv*// 

Gossypium heibaccum W«y „ 
Cannabis cativa . 

Corcborus capsularis | fc»y ;wr,’L« 

Linum usitatmimum * ' 

Crotalaria Juncea . , August 
Hibiscus cannibinus August 
Ricmus communis August 

Smapis, three varieties . hepUmVr 
Sesamum oricntalc January , 

Coriandrum aitivum Decern!* r 

Cucurbita maxima . , July 

Tncosanthes cucumerina July 
Trigonella feenugrxeum July 
Cucurbita citrullus . . February 

Cucumis sativus .. April 

Cucumis melo ... April ... 

Ancthum sowa December 


\*UH*r&S4, 

Mini/, 

Di/emU/ 
0' »//!*/, 
April. 

My, 

July, 

M*r< b, 

* Many »aiictie» of nee are grown in the Madras Fred leiury , j, t u ,. 
wcalber crop, and another is left a long lime standing , hut that sly,ye ntni^vl \< 
the staple crop, its penoi beiDR coiocident with the rainy seaton, 

The Watering of Croft in the Madras Presidency. 

The general allowance of water to rice crops m the Madras* 
Presidency is I cubic foot per second of supply lo 40 acres; ,,, 
sugar-cane, cram, pianuin, and garden crops, 1 cubic foot ,, r 
second to ICO acres, ordinary field crops arc rarely grown In 
places where irrigation is available. 
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Water Rates and Tolls. 


North-Western India. 


On the Dari Doah Canal , from 1862-63 to iS 69-70. 

For all crops, per acre per crop ... ar. 6a. Sp. or 
Lift irrigation, one-half the above rate. 

Since 1869-70. 

I. Sugar-cane, per acre per year . . 

II. Rice, per acre per crop . . > 

Garden produce, per acre per half-year . . 1 

III. Kharif crops. Cotton, hemp, indigo, turmeric, sesa-v 

mum, watemuts, vegetables, orchards, fruit trees ... I 
Rabbi crops. Wheat, barley, mixed grain, linseed, ( 
sairu, taramira, mustard, opium, tobacco, tukhmba- f 
langa, safflower, chillies, vegetables, per acre perl 
crop ' 

IV. Kharif crop3. Ail millets, maize, and crops not else- 

where mentioned 

Rabbi crops. All pulses, all grasses, fallow lands, ■ 
and crops not elsewhere mentioned, per acre per 
crop 

V. Single waterings, and Rabbi crops not requiring water 

after December, per acre per crop 

For lift irrigation, one-half the above rates. 

Average supply per acre, 44 000 cubic feet. 


*. < 1 . 
4 10 

12 0 
0 0 


On the Western Jamna Canal, from 1862-63 to 1866-67. 

On all first-class lands, per acre per crop 2 31 

On all second-class lands, per acre per crop 1 4 

For lift irrigation, two-thirds the above rates. 

Since 1866-67 the rates have been identical with those of the Ganges 
and Eastern Jamna canals. 
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North-Eastern India. 

On the Debit and Gurgaon Irrigation J Verbs, from 1862 to 
1870, the rates were for grass crops, per acre, 5d.; and for all 
other crops, per acre, 9]d. 

Ganges and Eastern Jamna Canals, from 1862-63 to 1S65-66. 

s. <1. 

I. Sugar-cane, per acre per year 8 9} 

II. Fruit, nursery and vegetable gardens, all cultivated 

grasses, rice, waternuts, ajawen, and similar herbs, per 

acre per crop 5 0 

III. Indigo, cotton, tobacco, wheat and oats (rabbi), per 

acre per crop 3 4 

IV. Barley, all pulses and millets, maize, safflower, oil seeds 

(kharif), per acre per crop . . 2 5 

From 1865-66 to 1867-68. 

Gardens, and all lands taking a perennial supply, were trans- 
ferred from Class II. to Class I. ; and the rates then became for 
Class 1 , 10s. ; II., Cs ; III., 4s. Cd. ; IV„ 3s. 4d. 

Since 1867-68, the fruit, vegetable, and nursery garden pro- 
duce have been transferred again into Class II , but the rates 
for the various classes have otherwise remained the same 
as before. For lift irrigation, the rates have always been 
two-thirds of those by flow. 

The other sources of revenue arc, for watering cattle, 12s per 
loo, per year ; sheep and goats, 4s. ; supplying tanks, rent of 
corn mills, sale of grass, timber, fuel, and fruit, fines for tres- 
pass, &c. 

Dun Canals , from 1862-63 to 1865-66. 

For garden produce, sugar-cane, and first-class rice, 2s. Gd. 
per acre per crop ; for tea. Is. 3d. ; for wheat and inferior rice, Is. 

From 1S65-66 to lS6"-6S. per ter?. 

*- <L 

1. Tea, sugar-cane, garden, and perennial watering, per ) car 10 0 

II. Tirst -class rice, tobacco, opium, and watemut, per crop C 0 

III. Indigo and cotton „ 4 G 

IV. Inferior rice, wheat, oats, and other crops ... „ 2 G 
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l ? rom J8G7-6S to JS7S-72, tea and sugar-cane remained in 
Class I., the garden and orchard produce being transferred to 
Class I/,; but the rates for the various classes remained 
unaltered. 

Since 1871-72, the rate for tea has been altered to Is. Gd. for 
each watering ; leaving sugar-cane alone in Class I. ; the rates 
for other produce on some of the Dun canals have been lowered 
I* or lift irrigation, the rates have been always two-thirds of 
those by flow. 


Rohilkand Canals. ^ acrc . 

s, a. 

I. Garden and orchard per crop 4 0 

II. Sugar-cane, tobacco, opium and watemut, per first watering 1 0 

III. All cereals, pulses, and oilseed ... „ „ 0 G 

In Classes II. and III., half rates for every subsequent watering. 

For lift irrigation, the rates arc half of those for flow. 

The number of waterings prescribed on the Naginah Canal is 

For fruit gardens per year 8 waterings 

Hemp per crop 5 „ 

Rice, sugar-cane, indigo, tobacco, 
cultivated grasses and herbs ... „ 4 „ 

Cotton, cereals, and pulses ... „ 3 „ 

Bahar and Bengal.— The later rates arc not specified in the 
returns available. For others see Grief Accounts of Canals 


Navigation Tolls in Northern India. 

The Western famna Canal transit dues are tabulated according 
to a most complicated code, the rates for various sorts of timber 
varying from Is. 3d. to £4. per score for the whole course of the 
canal, with a reduction for intermediate distances; the rates by 
weight being about Gd. per ton for the whole course of the canal. 

The Bari Goal Canal transit dues are : — 

For rafts of all sorts of timber lid. per fi-0 value at starting. 

For rafts of bamboos id. per thousand. 

For rafts of firewood, hemp, flax, 
and grass... ... ... ... id. per 4 tons, or roo'raans. 

For rafts of reeds, sirkanda ... 4<J. per thousand bundles. 
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The Ganges Canal transit dues, since 1872, hate been . — 

For boats, per month 

9 

d. 

0 

Halts of logs, per mile 

. per 100 cubic feet 

0 

H 

Rafts of sleepers, &c., per mile 


0 

01 

Rafts of bamboos, per mils 

... „ ,, 

0 

0} 

Rafts of firewood, per mile ... 

... per 1 000 cubic feet 

0 

Oj 


The Eastern Jatnna Canal is very little used for navigation. 


Southern India. 

Orissa . — The water rates and tolls apparently have varied 
much from time to time , it is difficult to discover them from the 
available returns. For earlier rates see Brief Account of Canals 
it the Bombay Presidency there is generally a combined land 
and irrigation assessment. The lands arc divided into three 
sorts, and classified according to depth of soil, in cubits of IS 
inches, and with respect to their special advantages and dis- 
advantages. It is considered that no advantage arises from more 
than two cubits in depth of soil, as it cannot imbibe and retain 
more effective moisture; the disadvantages taken into con- 
sideration are the presence in the soil of kankar, coarse sand, 
loose or stiff soil, excess of moisture, and liability to be flooded. 
In a moist climate the better and worse descriptions of land arc 
considered more on a par, the latter benefiting more from 
moisture than the former. 

The general assessment, per acre, is as follows : — 

*. 0 * •! 

For uniirigatcd or dr)* crops ... 3 C 

For ordinary irrigated or garden crops 8 0 

For special irrigated crops in some places 14 0 to 30 0 

The rates allowed on the Mukti project arc : For sugar-cane, 
CGs.; for rice, 20 s. ; for wheat, IPs. per acre And tho-c allow cd on 
the Lakh project and llhatodi tank arc . — 

For pcrcnn'al, or j s months, irrigation per acre 1 8s. 

For wet and cold season, or S months, irrigation „ 10s. 

For inansun, or 4 months’ irrigation . . ,, Gs. 
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In the Madras Presidency there is generally a combined land 
and irrigation assessment. The consolidated revenue, including 
the water rate, is two-fifths of the value of the produce, but is 
.sometimes less, according to the market price of rice. 

The general assessment per aefe is as follows : — 

«. d. *. A 

For unirrigated or dry crops ... 1 0 

l*or rice ... ... ... . . ... ... 9 G to 1G 0 

Sugar, at the same ratio, would be sometimes as much os 120 0 

Hut the general range of assessment is from ... ... I 0 to 50 0 

The water rate allowed by Government cn the Tum- 

bhaddra Canal of the Irrigapon Company is ... 10 0 to 12 0 

In Maisur, the general rate per acre is 12 0 to 15 0 

On the Tutnlhadjra Canal (also called the Karnul Canal). 

Reduced rates introduced m i SSa : — How. Lilt. 

S s. 

Single wet crop, per acre .. . ... 8 0 

Second wet crop on irrigated land . . . G 5 

If compounded, for two crops for a term of not less than 

S years 12 0 

Sugar-cane, betel and garden crops remaining on ground 
for time of two crops .. .... 12 9 

Single dry crop ... . 2 H 

Second dry crop on irrigated land ... . .2 1$ 

Garden crops, of class 2 of old rates . . .. G 4J 

A reduction of 50 per cent, on these rates for the first five 
, years, and of 25 per cent, for the second five years for lands not 
cultivated within the last ten years. For waste lands in blocks 
of 50 acres and more, free irrigation is given for 5 years, and at 
half rates for the second term of 5 years. 

Basis of Water Rate. 

Water rate should, if possible, be based on the difference 
between the value of a crop per acre and the cost of producing 
it ; but as land rent may be arbitrary, and wages and the value 
of produce may vary, that method may fail when an irrigation 
scheme comes into operation. A comparison with other works 
and rates in actual operation, therefore, forms a second basis, to 
which modification the observed local circumstances can be 
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applied. The statistics and statements of Anglo-Indian magis- 
trates and tax collectors, &c., should not be trusted in such 
matters ; independent information is alone of any value. 

When comparing the water rates in vogue in different parts 
of India, the average wages of a day labourer, or coolie, should 
be borne in mind. The fol!o\ving are approximate data : — 


In Northern India 

In Barar 

In the Bombay Presidency 
In the Madras Presidency 

In Maisur 


Sd. to 4Jd. 
Gd. to 9d. 
Gd. to 9d. 
2|d. to 3Jd. 
3d. to Gd. 
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North -W intern I > v\k.— Analysis 0 



I *• 

5 . 

3 

Thee 

f] Kabul, 

| ctjiau*hcra. 

Kabul, 
l mile al*n e 
Kaushm, 

Kal ill, rear 
Fott 
> tidin' 

Constituent* per Cation. 

Date 

j 

t' Mar. 

1 1S6S. 

24 December, 
1S6S. 

Januaiy, 

1S70 

Total hardness . . .. . . ... 

1 

! 4 ‘- 

' SS 

1072 

Permanent hardness 

:8 

5 '- 

475 

Grains of oxygen tequired per million 




grams 

| 0 5 * 

o-io 

o*So 

Ammonia 

, present 


none 

Phosphoric acid 

, traces 

traces 

trace 

Nitrous acid 

1 — 

— 

trace 

Grains of nitric acid in 70 000 

Total solids in 70 000 grams of filtcicd 


— 

none 

water ... . . 

9 7 

»5 75 

1 S 1 

Volatile matter . . 

045 

14 

1*60 

Mineral matter . . 

9-25 

i 5 Gi 

i6 S 

Earthy salts, silica, oxide of iron, 




insoluble 

S °7 

~ 

n*a 

Lime, as carbonate 

346 

— 

375 

Silica 

- 

— 

present 

Soluble salts ... 

4*18 

— 

53 ? 

Chloride of sodium 

o'6 

o-S 

*’45 

Sulphate of soda 

0*64 

3-6 

4 't 

Carbonate of soda 

t*S <5 

- j 



*> 5 > 7 » 8, and 9, by Dr. Center; 4, 7, and S, Dr. Sheppard; 3, 5 
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NoRTH-WiiiFRK Is'Dia . — Analysts ot the Water 



1 . 

2 . 

3- 

I’lace | 

Constituents per Gallon. 

Indus, 
at Altai. 

Indus, 
at Altai. 

Indus, 
at Den f 
Khan. 

Date j 

Si June, 

1 £ 68 . 

24 December, 
l£ 6 S. 

2 S Arm, 
iE69- 

Total hardness 

3*3 

6-5 

4-S 

Permanent hardness 

4 3 

5' 

2'5 

Grains of oxjgen required per million grains 

°‘S I 

0*16 

©•69 

Ammonia . 

— 

— 

none 

Phosphoric acid 

traces 

— 

none 

Nitrous acid. 

- 

— 

none 

Grains of nitric acid in 70 000 

- 

traces 

none 

Total solids in 70 000 grains of filtered water 

5-i4 

ro'is 

1073 

Volatile matter 

0 35 

o‘4z 

0 81 

Mineral matter 

479 

9 73 

9 93 

Earthy salts, silica, oxide of iron, insoluble 

37 

5 39 

4*64 

Dime, as carbonate. . ... 

3° 

- 

3*04 

Silica 

°3 

— 

unk. 

Soluble salts 

r-i 9 

4*34 

5*29 

Chloride of sodium 

0’2 I 

0*42 

I '3 I 

Sulphate of soda 

**3 

2’6 

i*35 

Carbonate of soda 

0'72 

i*4 

024 


i, 2, 4 and 5, by Dr. Center; 3, Dr. Thomson 
1 , water rising rapidly, nearly 
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the Rivers of the JPanjab. 


4. 

S 

.6. 

7. 

s. 

9. 

Harm, I J miles 
above S Aldan 
Baoli. 

Leh, abo\ e 
Rawalpindi. 

Swat, 

Tovey, 

2 miles above 
Kohat. 

Kurram, 

S miles from 

Bamganga, 
tj miles above 
Kargra. 

24 November, 
tS6S. 

25 September, 
1869. 

January, 

1670. 

2 October, 
1870 

14 November, 
1870. 

tt May, 

1870. 

963 

87 

66 

*5 9 

SSr 

3'i 

67 

4 7 

2-2 

8 27 

7" 

SOf 

0*19 

o‘39 

024 

o'lQ 

0 2S 

059 

- 

traces 

trace 

none 

none 

none 

- 

present 

trace 

none 

none 

none 

- 

present j 

none 

none 

none 

none 

°'5 

traces 

none 

none 

- 

- 

17-8 

*95 

1045 

294 

16S 

S* 

°‘3 

‘5 

*'4 

1 26 

*4 

0 7 

>7*5 

iS- 

9°5 

2S 14 

*5 4 

4 9 

— 

*4* 

7‘=S 

1414 

T 

28 

in 

I S 6 

4 5 

9S 

546 

t 61 

- 

-i' 

traces 

09S 

trace 

- 

- 

4‘ 

1 S 

*4‘ 

S 4 

2*1 

049 

j 063 

°"45 

* s* 

t 6S 

105 

- 

[ oS 

« 4 

435 

2*16 

traces 

- 

| °9 

°**7 

3S 

37 s 

076 


6, l)r. Harvey, 7, S, and 9, I>r. WhitwcIL 
at its hefeto; s,u\-ct at iu lowest. 
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NoRTH-n.vnrKN India. — Ana ft sis ef 


riacej 

Constituents pet Gallon. 

Dale | 

1 

Near 

Allahabad. 

April, 1S67. 

A love 
Dana per. 

55 MV. 

3* 

C«l<nr 

Khinp - 

May, rS' 

Total hardness 

ss 

6- 

4 3 

Permanent hardness 

= 5 

3*25 

35 

Grains of oxygen required per million grains 

0*62 

•or 6? 

7‘3_ 

Ammonia . 

present 

- 

1 

rhosphoric acid .. . 

abund- 

present 

abund. 

Nitrous acid 

- 


0 

Grains of nitric add in 70 000 

- 

traces 

0 

Total solids in 70 000 grains of filtered water 

”9 

ro'9 

rr’c6 

Volatile matter 

3'5 

i-°5 

2-52 

Mineral matter .. 

S-4 

9*S5 

S54 

Earthy salts, silica, oxide ol iron, insoluble 

4*c6 

6 S 

5*=5 

Lime, as carbonate 

=’9 

6-7 

2 ‘5- 

Silica 

- 

traces 

traces 

Soluble salts 

4*34 

3‘OS 

' 3*=9 

Chloride of sodium 

vos 

105 

oS 

Sulphate of soda 

*‘5 

2*SS 

*‘54 

Carbonate of soda 

2-0 

1*07 

■ 

°‘9 

1 and 3, by Dr. Milne j a and 4, Dr. Jameson; 5 and 6, Dr. C 


The Ganges is believed to - 
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fill 


Water oj the Ganges and Us Tributaries. 


4 

s- 

6. 

7- 

S. 

9- 

to. 

IIclow the 
Sohan, at 
IJampur. 

At 

Allahabad. 

At 

Khanpur. 

At 

Fattahgarh. 

J mile nbo\ e 
Chunar. 

rihagaratli, 

Barbara pur. 

The Sohin, 

Danapur. 

4 Oct , tS67. 

21 Oct , lS67 

14 Nov., 1867. 

1 May. 1S69 

II Sept., 1869 

28 Oct , 1S67 

6 Oct., |S>S. 

58 

^8 26 

4'5 

3 7 

7 O 

S'3S 

3'5 

3'9 

3' 2 


1 S 

3 * 

2 73 

3-8 

'«35? 

0*48 

04 

07 

045 

1-07 

o - 6 1 

- 

- 

0 

none 

traces 

- 

trace* 

- 

- 

0 

none 

none 

traces 

traces 

- 

- 

0 

none 

none 

- 

traces 

- 

- 

0 

none 

none 

- 

under t gr. 
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North-Eastern India. — Analysis of the Water of the Jama 


riace 

Constituents per Gallon. 

Date 

Jamna, 
abo\e 
Dehl 1. 

;S Sept.. 
i?G6. 

| 2 miles 

'alio\e Agra 

1 14 Dec., 
j 1S66. 

1 3 . 
j Jamna, 
above Agca 

25 April, 
1S67. 

4 

opposite 

Allahabad. 

X 

Total hardness 

4*45 

6*7 

3'9 

s-s 

Permanent hardness 

2-86 

2 '95 

1*0 

4* 

Grains of oxygen required per million grains 

0-05 

°"35 

0*48 

0*72 

Ammonia ... 

— 

— 

— 

— 

Phosphoric acid 

- 

- 

present 

traces 

Nitrous acid... 

- 


- 

present 

Grains of nitric acid in 70 000 

- 


- 

— 

Total solids in 70 000 grains of filtered water 

11*64 

14*8 

16*8 

21*0 * 

Volatile matter . 

0*72 

1*2 

2*8 

3*5 

Mineral matter 

10*92 

1316 

*3 3 

*7'5 

Earthy salts, silica, oxide of iron, insoluble 

8*62 

7*64 

SS3 

9* 1 

Lime, as carbonate 

3‘73 

6-4 

unknown 

4 2 7 

Silica 

0*58 

traces 

- 

- 

Soluble salts ... ... ... ... 

2*29 

s'96 

7'77 

8*9 

Chloride of sodium 

0*84 

1*44 

2*1 

4*4 

Sulphate of soda 

riS 

x*6 

inknown 

3'6 

Carbonate of soda 

• - 

o-86 

unknown 

4*2 


x and 5, by Dr. Sheppard ; 2, Dr. Jameson ; 3, Dr. Cameron ; 4, Dr. Milne 5 
The Jamna water is invariably reported 
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and of Southern affluents of the Ganges. 


5- 

Dehlt 

17 May, 
1867. 

6. 

Allahabad 

23 Oct., 
1867. 

j 7- 

1 J miles 
below 
Matthra. 

26 June, 
1S6S. 

M 8 

town. 

26 Sept. 
1S67. 

9- 

l>end. 

18 Jat y, 
1868? 

10 

Morar, 

13 August, 
1 S6S? 

Morar, 

7 February, 
1S70. 

12. 

Umram, 

Nagod. 

3 April, 
1868. 

Be*«a 

'\s 6 jJ' 

47 

878 

4’ 1 

5’* 

S'9 ; 

54 

77 

x 3‘3 

3‘4 

3*95 

2*36 

2'0 

09 

0*6 

I *2 

5’° 

2 4 

* 7 

0*06 

0*60 

0*26 

0 6 

0*36 

0*2 1 

0*46 

°‘59 

0*22 

0 

- 

- 

- 

present 

- 

none 

- 

- 

0 

- 

- 

present 

present 

present 

none 

- 

t»acc 

0 

- 

- 

trace 

present 

- 

none 

- 

- 

0 

- 

- 

0 5 

trace 

- 

none 

- 

- 

10*04 

11 2 

>3 3 

>©3 

»5 54 

98 

*5 75 

i8 9 

98 

o-34 

0-35 ; 

08 

■ » 

x *3 

x ’3 

0 91 , 

* 9 

| 1 0 

97 

1085 

>2-5 

9> 

1424 

Ss 

14S4 

170 

S-3 

716 

7-91 

7-6 

4'9 

- 

50 1 

S-4 

10 0 j 

4 7 

4*9 

65 

4‘* 

3 2 

6 0 

33 ' 

574 

SS j 

2*S 

063 

- 

traces 

traces 

1 *3 

1 

I 

2*1 

042 1 

- 

354 : 

2-94 

4 9 

4*2 

— i 

35 

<> 44 

7*0 j 

4 > 

07* 

1 6 

i’3 7 

1 *2 

3'°* | 

1 5 1 

• 47 

n . 

* >5 

a‘S 

? 

2 0 

- 

° 47 

1 6 

5 « x 

* 9 

- 


©‘95 

i*S 

1 >7 

203 

- 

traces 

JO 

r*4 


6, Dr. Comptsnc; 7, P, 9, 10, 13, Dr May , 11, Dr Whitwill , is, Dr Thomson, 
to be excellent everywhere. 


s 1. 
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North-Eastern India. — Analysis cj the Hater 


Con&tiluenls ^ lace j 

per \ 

Gallon. 

DateJ 

1. 

Gumti, 

above 

LaVfcnau, 

22 Aftil, 
1S67. 

2. 

Gumti, 
at Lathnau, 

26 December 
1E6S. 

3 

Gogra, 

iimilevabov 

Fatzabad. 

■> 16 June, 

1^67. 

4- 

Gogra, 

c I J miles abov 
Fai rabid. 

II June, 
it6l. 

5* 

Sai, 

2 miles 
e below 

Rai llareli. 

27 April, 
1863. 

Total hardness .. 

4'8 

4‘7 

4’5 

4*2 

So 

Permanent hardness ... 

2‘09 

2*0 

2*6 

2‘7 

3’ 2 

Grains of oxygen required 
per million grains ... j 

O 11 

0*11 

1 00S 



0*1 

Ammonia 

O 

0 

— 

— 

— 

Phosphoric add 

O 

0 

— 


- 

Nitrous acid 

O 

0 

- 1 


— 

Grains of nitric acid inx 

O 

t/ace 



traces 

70000 .) 

Total solids in 70 000 grs. 

of filtered witei 

154 

14 0 

IX*2 

roSs 

1 6*8 

Volatile matter ... 

i ’4 

1 0 S 

0*84 

o’ 7 

J’4 

Mineral matter ... . . 

o’i4 

12-95 

10*36 

10*15 

I 5'4 

Earthy salts, silica, oxide 
of iron, insoluble 

9'5 2 

8 57 

8*2 

S75 

4‘9 

Lime, as carbonate . . 

7'° 

8*05 

5’° 

8 05 

4 2 

Silica 

trace 

0 

— 

traces 

0*21 

Soluble salts 

4-48 

4’37 

2*l6 

J’4 

10*5 

Chloride of sodium 

l'4 

0 63 

n 

0-63 

63 

Sulphate of soda 

trace 

0*58 

traces 

.traces 

i*9 

Carbonate of soda . . 

2 ’28 

2*28 

o*6 

0*48 

*’3 


i, 2 , 3> 4« 5 , 6, 7, 8, by Dr. Orton ; 
4, very good ; 7, indifferent 
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of the Kortherti Affluents of the Ganges. 


6 

7 

8 

9 

Kurnant, 

Garrah, 

11 

„ 

*3 

Sai, 

opposite 
Rai Bareli 

Sitapur. 

Suram, 

at 

Sitapur. 

Shah] a* 
hanpur. 

3 miles 
above 
Shahja- 
hanpur. 

Ramganga, 
at Bareli. 

Ram gar ga, 

4 mile aboxe 
Muiadabad 

4 miles above 
Muradabad. 

26 April, 
186S 

8 April, 
1868. 

i6January, 

1869 

27 May, 
1869 

3 June, 
1869. 

6 July, 
1869 

27 July, 

1869 


8*02 

7*2 

67 

8 S 3 

10 28 

3 9 

3*25 

44 

3*2 

4 2 

38 

2*54 ■ 

S 2 

2 36 

3 *i 5 

29 

0*2 

— 

0*15 

2*0 i 

o«S 

°35 

04 

o -3 

- 

traces 

trace 

— 

— 

none 

none 

none 

— 

— 

none 

— 

— 

none 

none 

none 

— 

— ■ 

none 

- 

— 

none 

none 

none 

j freely 1 
i present) 

present 

inappr 

- 

none 

nore 

none 

none 

> 5*4 

170 

i6 1 ; 

18 76 

1767 

1487 

1837 

140 

i *75 

2*0 

1*4 

I 96 

1 93 

2 21 

* 75 | 

0 87 

■ 3^5 

I 5 *° 

147 

; 168 

15 75 

12-67 

1663 ^ 

'3 t 3 

4*9 

10 S 

It 2 

12 42 

875 

927 

! 

14 7 

11 03 

4*2 

99 

io*S 5 

683 

5-69 

5 07 

7 0 

49*55 

0*18 

°*3 

trace 

, 3 S 

5,7 i 

35 

5 25 

49 

S*75 

4‘2 

3*5 

4 37 


3 39 

> 93 

2*1 

S’* 

oS 

0 75 

1 26 

1 05 

0 74 

“«» 

°*74 

i*6 

2*2 

i^S 

! 2*89 

11*23 

7 (>9 

353 | 

3*53 

1*9 

**4 

1*24 

3'52 

3*43 

nil 

°‘57 ' 

1*23 


tf, 10, it, is, and 13, Dr. WhnwelL 
water, after a heaxy rainfall 
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North-Western and North-Eastern Indu. 


Place 

Constituents per Gallon. 

Date 

1. 

Canal from 
the Ganges 
below 
Khanpur. 

April, 

1067. 

2. 

Canal frotr 
the Ganges 
above 
Khanpur. 

i t No\ embe 
1867. 

Canal Iro 
the Gauge 
3 miles 
above 
Aligarh. 

2J August 
1S69. 

A- 

0 Canges 
j, Canal, 
below. 
Ruibhi 
Aqueduct. 

1 April. 
1870. 

Total hardness 

4’3S 

47 

3‘ 2 

2*14 

Permanent hardness ... 

z-86 

2-8 

3‘ 2 

I ‘3 I 

Grains of oxj gen required per million grains 

°'3 

0 '65 

o -45 

o’S 3 

Ammonia 

present 

0 

none 

- 

Phosphoric acid . . ... 

large 

0 

none 

none 

Nitrous acid 

traces 

0 

none 

none 

Grains of nitric acid in 70 000 

0 

0 

none 

none 

Total solids in 70 000 grains of filtered water 

6-8 

8-26 

S'93 

S-6 

Volatile matteis 

072 

07 

O 87 

07 

Mineral matters 

7 35 

rst 

8 ’05 

4‘9 

Earthy salts, silica, oxide of iron, inso’uble 

5’67 

5‘°7 

S-,8 

- 

Lime, as carbonate 

37i 

2 ‘6 

371 

2‘I 

Silica 

traces 

- 

2 ‘45 

traces 

Soluble salts 

i*6 

2 ‘5 

2*27 

— 

Chloride of sodium 

I"2 

*'5 

0 'S 3 

1*12 

Sulphate of soda 

1*28 

? 

2*98 

none 

Carbonate of Soda 

°’33 

? 

o*66 j 

none 


*» by Dr. Milne j 2, Dr. Comptgne; 3 and n. Dr. Whitwell j 4, 5, 6, 7 and 8, 
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Analysis of the Water of various Canals. 


Canals of the Deri Dan. j 

1 9 

Canal from 
the Ravi, 
at 

Mian Mir. 

16 December, 
1868. 

10. 

Canal from 
the Barra, 

Peshawar. 1 

19 May; 
1867. 

11. 

Cana! from 
the Kurram, 
near Fort 
of Bannu, 

17 November, 
1870. 

5 - 

Main, a milts 
above Dcra. 

27 December, 

1869. 

. 6. 

Branch. 

7 January, 

1870. 

7 - 

Reservoir 

Branch. 

It January, 
1870 

S. 

Branch, Jmile 

Gurka Lines. 

2 February, 
1870. 

18*1 

18*63 

18*42 

18 32 

5*2 

7*63 

7*9 

u *94 

11*00 

1177 

11 27 

37 

3*45 

6*9 

0*14 

0*15 

0*29 

0*24 

0*25 

0*83 

o *54 

none 

none 

none 

none 

none 

present 

present 

none 

none 

none 

none 

traces 

traces 

none 

none 

none 

none 

none 

none 

present 

present 

traces 

traces 

traces 

traces 

none 

- 

- 

5*7 

- 

S 3 1 

59 9 * 

940 

12*84 

2*4 

0*4 

- 

o*6 

0*42 

0*48 

2*68 

**4 

5**3 

- 

5*5 

59 5 

8*92 

io*i6 

0 21 

22-4 

- 

- 

- 

5*97 

6 16 

10*5 

187 

, 7’59 

»S 4 

22*68 

624 

unknown 

6-58 

3'3 

present 

0*9 

traces 

0 4 

o*6 

1*36 

29*9 

- 

- 

- 

2*95 

4*0 

,0 ‘5 

o ‘3 

*’39 

2*S 

*5 

0*56 

0 53 

1*6$ 

21*67 

* 8*4 

* 4*95 

sS;S 

2 * 5 * 

1 3 

5*04 

** 3 « 

— 

— 

3*9 

— 

013 

3*03 


Dr. May ; 9 Dr. Shqipard ; 10, Dr. Center ; 4, contains no iron. 
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Results of Analysis of Waters from various Tanks. 


By the Chemical Analyser to the Government c / Bombay , in 1S84. 







1 F? 







| Gallon 

1 Ammonia 



Place 

and Name of Tank. 

Month 


i 


g ] 

& 

Sediment 




Hin 

6 


<1 



Nasirabad, Storage tank .. 

July 

588 

*7 S 

O 01 

013 

Bad 

Scanty. 


Ana Sagar Lake . 

June 

74-2 

224 

i-3* 

r8o 


Alga; and paramecin. 

A • 

Ajmir 

Do filtered . 


7 63 


o-sS 



raramecia. 


Rewan . . .. 

July, 39 2 

97 

6 82 

1 so 


Many algx 

Guzrat 

Kharaghoda 


49'0 

22 t 

0-21 

1 

„ 

Algre and paramecin. 

Do. 


ill J 

SS 3 

0 7 2 

0 82 

»» 


Ahmadabad, Filter Tank 

une 

37 1 

7'4 

0 03 

oj 1 

„ 

Protozoa 

Nasik, Tnmbak Kushawarta 

Sep. 

21 0 

2 0 

1 33 

1 26 

„ 

Numerous algw. 

Bombay, Butcher’s Island 

Aug 

56 

0. 

0-32 

05* 

„ 

Alg-e and paramecin. 


Diu 

May 

504 

64 

005 

0 18 

11 

Protozoa. 

Kolaba ' 

VVadan 


i<;8 

3 SO 

0-48 


Protozoa. 


Shahabag .. 

Aug 

I5'4 

S3 

OOS 

0 62 

» 

Algx and rotifera. 


Davirchertu 

Dec 

2 3 1 

1-7 

oos 

0 36 




Husen Sagar 


13 3 

1 4 

021 

03Z 



Haida- 

Ibrampatan Ch 
Patek tank ... 


tg 6 

i9'6 

t-4 

1 4 

009 

0 13 

045 

0 19 

3ood 

Rather abundant vege- 

Dakhan 

Mir Alam 


22 4 

t 1 

00S 


Bad 

and a few paramecia. 


Mir Jhare IIiuz 


19 6 

I - 1 

) 01 

032 




Tuka liauz 


21 0 

I 4 

005 

0 40 

” 1 



prom another Series by the Chemical Examiner , Panjab , 1882. 


Ajmtr, /A bu Lake . .. 

&c. 1 Ana Sagar Lake ... 


tro 


o - i6 

O'ig 



Nov 

It 9 

2 1 

040 

0-52 

Bad 

Conferva:, paramecia, 
rotifera. 

Calcutta, Dr. Warden’s tank 

- 

11*3 

19 

0-42 

0-64 

- 

Brown residue, blacken- 
ing much on ignition. 

Dum-Dum, Digla 

Jan 

10 2 

08 

013 

0-41 


Yellowish, slight black- 
ening. 

Dacca, Manikganj ... 

Apr. 

7’3 

07 

0 06 

0 41 

— 

Do. do. 

Howrah, Hadua 

Sep 

596 

95 

040 

°'S4 

- 

( Decaying vegetable tissue 
[ no entomatozoa. 

Nagpur, Ambajan ... 

Jan 

70 

07 

0 CO 

0-16 

3ood 

Protozoa. 

Bombay, Vehar 

Mar. 

63 

0 6 

O'Ol 

o' 24 

•• 

- 
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Result of Analysis of the Average Well Waters of Stations in 
Northern India, according to various Analysts. 


Situation. 

Date of 

Grains per Gallon, or 
parts in 70000. 

** e-S 


tion. 

Total 

Solids 

Volatile 

Matter 

Chlo- 

rides. 

||| 

O 

Remarks. 

North-West 
Peshawar ... 

ERN INDI 

May, i 868 

A. — 

27-4 

2 7 

2’0 

o’5o 

Indifferent. 

Naushera ... 

May, 1 868 

i8’2 

0*98 

0-8 

0-27 

Very wholesome. 

Attak 

May, 1 868 

I2 3'3 

38 

28'0 

- 

Very bad. 

Rawalpindi ... 

Sep. 1867 

28 9 

35 

o-6 

°5* 

Pure and good. 

Mian Mir .. 

Dec. 1868 

59*3 

*4 

33 

063 

Very bad. 

Amritsar 

Dec. 1869 

56-2 

6 1 

156 

- 

Good. 

D.IsmailKhan 

Apr. 1 868 

37-2 

*5 

s-> 

0*47 

Fair. 

IX Ghazi Khan 

Mar. 1 869 

427 

18 

8 J 

0 62 

Fair. 

North- Easte 
Dehli . . . 

rnIsdia. 

75° 

IS 

unk 


Very bad. 

Matthra 

Dec 1S67 

39 6 

40 

io'8 

°5» 

Fair. 

Agra ... . 

Jan. 186S 

45 ’4 

4* 

1 1 *2 

047 

Pad 

Jhansi 

Nov. 1867 

25 « 

49 

2 4 

=53. 

Wholesome. 

Murar 

Aug. 1S6S 

29^6 

2*1 

5 7 

° 5 * 1 

Cad 

Faizabad 

Jan. 1SG7 

tS-6 

1 3 

1 S 

0 17 

Good. 

Fattahgarh ... 

Apr. 1S69 

34 3 

2 1 

46 

0 54 1 

Doubtful 

Aligarh 

Vug.iSOp 

35 « 

2-6 

5 7 

°"44 ( 

Very foul 

Allahabad ... 

Mar. 1S60 

33 > 

1 t 

39 

- 

Fair, but hard. 

Panaris 

Dec. 1S6S 

25 9 

*\3 

2 S 

- 

Gaol 

Chunar 

Sep. 1S59 

34 s 

1 4 

4*3 

- 

Hard and bad. 

Dunapur ... 

Sep. 1S6S 

59-2 

5*5 1 

•°*3 

o*ti 1 

Very bad. 

Rarhampur ... 

Nor. tSfiy 

3‘ * 

23 

S ; 

— Illal 
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North-Western India. 

Peshawar . — The drinking water is obtained by open canal 
from the river Barra, which also fills reservoirs; the water is 
excellent, but sometimes muddy; the reservoirs are frequently 
drained, but contain frogs, also Typha angustifolia, Potamo- 
gcilons and Conferva?. 

The Peshawar Marsh being specially renowned for its mala- 
rious effects, an account of the flora that thrive there, will there- 
fore be of interest. On the higher ground, which is covered 
with Saline efflorescence, grow several species of Salsolaccce, 
Franknia pulvcrulcnta, Tamarix, Salix Babilonica. The ordinary 
plants that grow in and around the marsh arc : — Epilobium 
occasional , Lycopus, abundant in parts ; Lippia nodiflora and 
Herpetis monneira, about ditches; Utricularia, rare; Eclipta 
erecta, not uncommon ; Ranunculus aquatihs and Ranunculus 
scelcratus, common; Limnanthemum cristatum, a species of 
Lium ; Typha angustifolia, abundant , Nelumbium, cultivated ; 
Butomus, rare ; Sagittana sagittafoha, Alisma cqu/setum, two 
species of Juncus, rare. Of Sedges, the following are common : — 
Cypicus exaltatus, Cypicus mucronatus, Malacochrete pcctinata, 
Scupus maritimus, Carix Wallichiana, Eleocharis palustris. The 
common grasses about and near the water are : — Agrostis alba, 
Polypagon monspeliensis, Andiopogon Bradlii, Cynodon dac- 
tylon, an Arundo, a Saccharum. The following are the floating 
and submerged plants . — A Ceratophyllum (demersum ?), I’ota- 
mogeiton enspus, P. pusillus, Potamogeiton plantageneus, rare ; 
Hydrilla verticillata, Marsilia quadnfolia, Chara, most abundant; 
Nitella, occasional; Conferva;, profuse. Two species of Riccia, 
a Semno, and an Argola, are abundant in some places. 

Haidarabnd in Sind . — The wells are supplied by inundation 
from the Indus The water is said to be soft, good, and whole- 
some, a few wells only brackish : yet the wells swarm with 
animal life. Like most wells in Sind, they may be exhausted 
by an ordinary Persian wheel in twelve hours. 

Nasirabad. — Most of the wells arc so salt that they are unfit 
for use. The water from the same well varies considerably in 
saltncss, being sometimes palatable, clear and hard ; that from 
a wholesome well was found to contain, after evaporation to 
dryness, organic matter in the large proportion of i in 200, as 
well as chloride of sodium and sulphates of alumina and potass, 
besides other chlorides and sulphates. 
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Disci — Well water dear, agreeable, devoid of smell, almost 
free from organic matter, with an inconsiderable amount of 
aline or mineral ingredients. 

Ahm'idibjd — The well water, after long use, is apt to induce 
disease of the spleen, which the river water docs not; the former 
has a higher specific gravity than the latter. 

Average Well Waters of Stations in Southern 
India ( according to old accounts). 

Baroda. — -Well water clear, soft, and of good quality ; it 
contains no sulphates, phosphates, or nitrates, nor any salts of 
lime; it is alkaline; it contains principally chloride of sodium ; 
also carbonate of soda, and a faint trace of lime, but no iron. 

Surat. — There is not a single well of fair drinking water with- 
in the station. All are impregnated with sulphuretted hydrogen- 

Dhulia . — Well water good, soft, devoid of smell, of an agree- 
able taste, but of a rather blue colour. 

Malligauni. — The wells require clearing from sediment once 
a year, and would otherwise become unw holesome. 

Bombay — Well water brackish, containing a large quantity of 
lime, also sea salt. Vahar reservoir water is considered pure. 

Serur. — Well water hard, but good and wholesome ; it con- 
tains a little lime. 

Satara. —Wells and tanks in trap rock; the guinea-worm is 
found in them 

Sholapur . — Wells supplied by percolation from the tanks ; 
water very good, soft, pure, umnjunous, and colourless; when 
filtered has a specific gravity of 10004 «™d contains 30 grains of 
solid matter to a gallon : under microscopic examination was 
found to contain no organic matter beyond a little shiny 
film. The tanks contain Flosaqua:, as well as ordinary grasses 
and rushes, and among the infusoria the cncapsulcd amala: 
oscillatoria, and .xdogonium , in dry weather, when the floss 
decomposes, the malaria is most noxious. 

Ratnagin — Well water very good, as soft as rainwater, and 
free from taste or smell. 

Btlgaum — Well water clear, good, soft, wholesome, and fax 
from taste and smcIL It contains chlorides, sulphates of lune 
and magnesia, and a salt of iron. 

Dhcincar . — The well water has the reputation of being \e*y 
good and wholesome, but also of giving rise to guinea-norm 
among the natives. 
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Results of Analysis of the average Well Waters of Stations in 
Southern India and British Burma ii. 

. {By Drs. Harvey, Hastings , Sinclair, and Nicholson.) 


Station. .. | 


Date of Examination 
in 1S71 or 1S72. 

TolalSolid: 
per 100 00c 

1 Nitric Acii 
) per ico oa 

1 Hastiness 

2 

. Character. 

Kattak .. 1 

*3 

OcL *72 

40 to IOC 

1 unkn. 

15' to 20 

* Y r ery salt. 

Jabalpur " ... 

— 

May, x868 

3 ° 

unkn. 

unkn. 

Wholesome 

Kamthi t 

6 

Oct. to Nov. *72 

40 to 70 

2 to 6 

IS* to 20 

* Fair. 

Sitabaldi . . 

2 

1 Nov. & Dec 72 

30 to 40 

1 to 4 

7* to 2 

’ Fair. 

Stkandarabad 

27 

Jan. to July, '72 

31 to 90 

1 to 4 

12* to 3 

’ Bad. 

Madras Pres 
Ballari .. . . 

IDEN 

16 

CY. 

Feb. to Apr.’ 7 2 

Oj 

0 

0 

0 

0 

O’ltOIO 

15* to 40 

| Bad. 

St Thos. M’nt 

12 

Aug. to Oct ’71 

30 to IOO 

!o I to 0*2 

[15* 1020 

1 Good. 

Palaveram ... 

8 

Mar. to May ,’71 

50 

Under 1 

■ is’ 

1 Good. 

Punamalli . 

6 

Nov. &Dec.'7i 

30 to 70 

Under 1 

6“ to 15* 

Pure. 

Vizagapatara 

19 

May to June, ’72 

50 to 200 

r to 15 

20* to 40* 

Salt. 

Vizianagram 

8 

July, ’7= 

50 to IOO 

unkn 

25* to 80* 

Indifferent. 

Barhampur . 

7 

Sept. ’72 

25 to 50 

1 to 2 

8* to 20* 

Indifferent. 

Bangalur 

. 77 

During ’71 

20 to 200 


Variable 

Bad. 

Kannanur .. 

2 5 

Feb. to Apr.*72 

15 

3‘2 tO 0’5 

2* 10 4* 

Very good. 

Tnchinopalli 

32 

June to Sep.’72 

15 to IOO 

a 3 to o'S 

10* to 20° 

Indifferent. 

Mangalur ... 

4 

Nov. ’72 

10 

unkn. 

4* to 8" 

Good. 

Quilon 

t i 

Dec. ’72 

22 

unkn. 

2* to s* 

Good. 

Palamkatta ... 

3 ' 

Dec. ’72 

20 tO 30 

1 

10" 

Good. 

Vellur 

i ! 

Dec. ’72 

5 6 

unkn. 

14 ° 

Fair. 

Burmah. 







Thayatmyo ... 

30 ! 

Dec'7itoFeb.’72 

50 to IOO 

1 to 2 

20* 

Safe. 

Tonghu 

2 6 

June to Sep *72 

IS to 30 

o ’3 t> >'S 

2* tO S* 

Bad. 

Mulmein 

14 

Nov. & Dec*72 

5 to 10 

3*0 to 0*1 

2* to 7* 

Good. 

Shwayghin ...| 

4 1 

Nov. & Dec. ’72 

3 to 4 

2*2 tO 0*5 

1 to 1*5 

Good. 



A’aalyajs or the Writ Waieks or Madias, by Dr. Wynlnvt (Artngn fcr talk Delia Dniiien rf tht T ntm). 
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.V H — Tlie well water of .Madras u bc!ic\cd to be as bad si possible. 
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Analysis of Soils, Efflorescences, &c. 
Analysis of a Specimen of “ Reh" or Natron. 

By DR. Thom vs Anderson, Agricultural Chemist , on May 29th, 1S63. 


Water 

Organic matter ... 

... 7-40 

6 61 

Brought forward 

... 37-SS 

Alumina 

2*52 

Peroxide of iron ... 

— 3’3° 

Oxide of iron 

. . trace 

Alumina 

.. 1*95 

Lime 

1 *09 

Lime 

.. 1-84 

Magnesia 

... 051 

Magnesia . . 

.. 0-98 

Potash 

... 184 

Phosphoric acid ... 

.. trace 

Soda 

... 144 

Silica 

■■ 54‘5 6 

Chloride of sodium 

. . 1041 

Soluble in acids 


Sulphuric acid 

■ 6'o6 

.. 62*53 

Soluble in water 

srss 

Total 

IOO-4I 

The remedy for 

‘reh" proposed by Dr. Anderson, was under- 


drainage, irrigation, and washing out the soluble matters from 
the soil, in accordance with the \ iews of Mr. Smith. The remedy 
for “ rch ” proposed by the Chemical Examiner of Lahor, 
Mr. J. E. Brown, is the old native remedy at Lahor of applying 
“shora,” or “shora kullur,” slightly modified. He proposes the 
artificial production of nitrate of lime in manure heaps, and a 
similar application to the soil. 

Dr. J. C. Whishaw, of Faizabad, and Dr J. White, of Sitapur, 
trace the production of " rch ” to the formation of kankar (nodular 
limestone) in the soil, during which action carbonate of soda is 
liberated ; but state that when the kankar is formed, the action 
would not necessarily continue. Dr. White’s remedy is a 
proposal to make embanked canals watertight, and thus to 
prevent the percolation under pressure that is favourable to 
the production of “ reh also to use manure and bone dust. 

It was afterwards discovered that there were very many 
varieties of “reh:” in some sulphate of soda predominated; 
in others the carbonate of soda; in others, the chloride of 
sodium ; and in others, nitrate of potash ; but in none is only 
one salt found in a pure state. 
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Analysis of a Sample of “Reh.” 


By Professor Dupre, received November, 1863 


Soda 

.. 22-59 

Brought forward 

.. 6o*6r 

Potash 

... 2-65 

Carbonic acid 

.. 16-00 

Lime 

. . 0 16 

Sulphuric acid . . 

.. 4-01 

Magnesia 

0-30 

Chloride ... 

•• °79 

Alumina 

... 0-26 

Oxide of iron 

.. ro8 

Silica and Sand ... 

— 34'f*5 

Water 

.. 17-61 


60 61 

Total 

lOO'IO 



Of these 44 03 are soluble in water. 


Analyses of Three Samples of Usar Soil from Atjdii. 
By Mr. A. TWEEN, at Calcutta , Avgust 14 th , 1863. 



0) 

(’) 

(3: 

Silica insoluble ... 

6616 

( 7(6 

623 

Alumina insoluble 

i3S° 

>5-85 

2031 

Alumina 

2‘55 

y$6 

3’47 

Oxide of iron 

2-i6 

2-14 

433 

Lime 

0 81 

039 

0-65 

Magnesia . • 

trace 

0 28 

trace 

Alkali . 

3 8 5 

1 01 

0 09 

Chlorine ... . 

0 54 

0 14 

0 06 

Sulphuric acid 

1 01 

0 24 

0 53 

Phosphoric acid 

trace 

trace 

0 00 

Nitric acid . . - • 

0 00 

0 00 

trace 

Water 

405 

3 55 

r«4 

Organic matter . . 

401 

4«5 

3 36 


100 

100 

ioo- 


The alkali in all three cases is almost entirely soda ; under 
" insoluble alumina " is included i\hatc\cr of iron, lime, alkali, fire., 
is present in the insoluble clay. The samples were- — (1) An 
usar allowing no vegetation whatever; soft and slippery in the 
rainy season, swelling up and efflorescent in the hot season 
(2) An usar growing scanty grass in the rains, which withers 
entirely in the hot season (3) An usar allowing no segetation 
whatever; it is extremely hard, w-a ter does not penetrate it to 
any depth ; it becomes slippery in the rains. All samples 
were taken at 1 foot deep in the soiL The“sujjimitti “of Bengal 
is said to correspond with the usar soil of Audh, according to 
I’rof. O’Shaughnessy 
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Analysis or Samples or Rfccr {Black Cotton Sri!). 
Mi Mr. Tween, J fen. G.S.I., IV. p. 361. 


1 (l) Near Seen. , (j) Xor Seed | led or. jlUnrarij 



At 

Surface 

! 

| l-dow ■ 
Surface 

1 At 
Sjrfiee. 

1 3 fc«t f 
lelow , 

1 Sur'*ce. , _ 

At a few inches 
l<Iow sutfsce. 

Insoluble 

62*7 

■ 47*6 

62 S 

63*7 j 

6S6 ! 

57*9 

6rS 

Organic matter , 

9 - 

S4 

90 

S r » 

r* 

S'7 

77 

Water ... . 1 

S'4 

; *‘ 6 i 

S’2 

6-5 j 

9*4 

99 | 

7*4 

Oxide of iron ' 

II’O 

* 5*9 ' 

xo'9 

1 

ix 4 1 

6S 

4*4 

5*7 

Alumina 

7*5 

S-6 

7*6 

54 ! 

5 *S 

SS ' 
I 

7*7 

Carbonate of lime! 

1 2 

xi 9 

*5 

**3 

1 *6 

M 

S *5 

Sulphuric acid , 

trace 

— 

trace 

trace 

— 

— I 

— 


Residue, chief!} magnesia and alkali, present in all eases. 

According to Christie, Regur trill absorb S per eenL of moisture by 
weight. 

Note. — Seoniand ltanvani are in the Narbadda Valley ; Burhanpur is 
in the Tapti Valley 

Some of the Regur plains have produced crops for roco years xnthout 

manure, ‘ ' ' ■ ’ 

annual ra 
cereals ; 

Analysis or Iron-Clay or High-Level Laterite from Rangun, 

[A highly ferruginous rarie/j , free from sar.J grains.) 


Teroxide of iron 

46*279 

Alumina 

5 *7 S3 

lime ... 

0-742 

Magnesia 

0*090 

Silica 

O’ISO 

Silica dissolved by potash... 

6 72 

Silica by fusion 

3 °* 7 =S 

Lime, iron and alumina ... 

2-728 

Combined water, alkalies 1 
and loss / 

6-Sos 


lOO'OCO 

Nolc — The percentage cf peroxide of iron, soluble in acids, in due Indian Spccinccs 
of Uteritc, varied telw ecu ii-Q aid 50*0. 



LISTS 

GEOLOGICAL FORMATIONS AND GROUPS 

ty THE 

THREE DIVISIONS OF INDIA. 

DEDUCED FROM “ HEDLICC.TT & BLANTORD’S MANUAL, lSjQ " 
(See also Indian River Rosins, pp. 343—246). 
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North-Westfrn India. 
Recent and Pleisiaccnt ... 

( 


p Su/rd- 
5S \ (ret means. 


VmdhyaH ... 
Transition, &e. 


List of Formations and Groups. 

( Blown land, soils, and lake deposits. Rann of Kachh, 
Alluvial deposits of risers, estuaries, and coasts. 
Sub-IIiimlajan high-level gravel. 

( Upper Marchhars of Sind. Mihohte of Katiawar. 
Upper and Middle Siwaliha of Salt Range -and Sub* 
Himalayas. 

Mammaliferous beds of Western Thibet and Iliraalaps. 
riiocencs of Kachh. 
e _ (Lower Manchhars and Gij of Sind. 

(Mam beds of the Punjab. Miocenes of Kachh. 

[ | Nan group of Stud ; Kasauli and Dagshai beds. 

I Kirthar group of Sird ; Sabalhu let’s (nummulilic). 
Nummulitic limestone of Sind and Panjab, Kachh and 
Gna rat. 

Indus or Shingo beds of West Thibet, 
f Ranikot beds of Sind. 

. ( Lower Nummulitics of Salt Range, Kachh, and Guzrat. 

/ Coarse sandstones of Sind, under a thin trappean flow. 
(Olive shales of Salt Range. 

{ Hippuntic limestone of Sind 
Cretaceous beds of Hazara and of Kohat. 

Chiklorn beds of Spill and Khoten. 

( Chickali beds of the Salt Range. 

(Neocomian beds of Kachh. 

( Umia and Katrol beds of Kachh and Ka'.iauar. 

4 U pper beds in the Salt Range. J esalmir limestones* 
(Gieumal sandstones and Spilt beds 
(Middle variegated beds of Salt Range. Chan and 
■1 Paehham beds of Kachh, 

(Spin shales of N.W. Himalayas. 

Upper Tnghng limestone of N.W. Himalayas. 

(Lower Tagling limestone of N.W. Himalayas. 

-I Para limestone of N.W. Himalayas. 

(Nenncra and Megalodon beds of S<rb&n Hazara. 

Salt Range, Lilang beds of Kashmir Zansldr and Spiti* 
Keratlte beds of Salt Range, Infra Tnassic of Ilazara. 


( Obolus beds of Salt Range. Attak Slates. 
Slate and traps of Pit Tanjal an A Kashmir. 
Moth and Bhabeh series of N.W. Himalayas. 
... Upper Vindhyans in Malwa and Jodhpur. 


Gtutssic ... 
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North-Eastern India. List op Formations and Groups. 


Recent 

Pleistocene 


Blown sand, soils, and alluvial deposits. Kankar. Detrital laterite of 
Bhagalpur and Bengal. 

Khadir of Gangetic basin Bhangar of Gangetic basin. 

Sub- Himalayan high-level gravel. 


Pliocene. 


Miocene. 


E«ene 

Middle 

Eocene. 

Ler.oer 

Eocene. 


f Dehing group of Assam. Mammabferous beds of Himalayas. 

1 Upper and middle Siwahks of Sub-Himalayas. 

{ Tipam group of Assam. Nihan group of Lower Himalayas (Siwahks) 
continued in Garhwal and Kumaon, also in Nipal (Chunaghati). 
High-level latente of Bandalkhand and of Bhagalpur. 

| Kasauli and Dagshai beds of Sirmur group, 
f Sirmur group. 

j Nummuhles of Garo Hills (Assam) Coal measures of Assam 
| Apparently wanting. 


I Cretaeeout. j 
Traft. 
Jurasuc. | 
Tnituie 


Disang group of Assam. Upper cretaceous of Khasi Hills. 

Sandstones and Shales of Garo and Jaintiah hills. Local coal basins 
also. 

Lower traps and Intertrappcans, near Sirguja, and in Malm. 

Rajmahal beds of the Upper Gondwana senes. Dubrajpurbeds Mahadeva 
beds and Jabalpur licds m the valleys of the Sohan and the Damuda. 
Silhct trap (perhajis cotemporary with Rajmahal trap) 

Apparently non-eaistent in the Eastern Himalayas or m Assam 



I Tanchet group of Ranlgnnj and the Damuda \ alley 

Damuda beds of Sikkim and Bhutan Damudas of Raniganj, Ironstone 
shales 

Barakar, Karharbari and Talchtr groups from Rjjmaha] to the Satpurat 
( Infra Krol shale* of Mansuri Krol beds in Sirmur 
Permian. j lllaim and Infra Blaim slatev of Simla. 

( Silurian Fossilifcrous beds iq the north of Kumaon. 


KEes 


Vmdhyan bed* ol Bharrae, Rewah, Kaimur, and Mat* a. 
Vindhyao beds of the ‘-ohan and Ken valleys. Scmri bed* 



Upper Tran si’ ion rocks «>f Gwaliar. B'jawar senes of Bandalkhaod. 
Shillong sene* of Assam Trars-tion rocks of flahir 
The ArsralU (Trars-tionl 
Champarir leds. 

(Transition). Lakhi'erai and Shtkpnra Corglomrta'e*. 


Gnei«i ef llahar. Rewah. and Chutia Nagpvr Dome Gneiss of liec-il 
Gneist of Assam < v ) ctu.ic lower Gneiss ) 

Crr'rsl nutrmn breisi ef tl e Himalayas. Ihr^L'; Gne is. 
UanVkhanl Gnti><. and Arva’U (•non. 


t 1 The age of the Visihys-i an! Trir*.’> 

: m 


At » 
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Sacrum Kma. List or Formations and Grocps. 


Recent a*J / Blown sand, soils, regur, Ac. Recent alluvial deposits. 

Platt* ent. J shell-beds of Can:. Lon -level bterite. 

I Older alluvial deposits. Care deposits. 

Pliocenes of Sen: and Earoch. 

Miocenes of Sent and Baroch. 

Ratnagiri p^ 5-1 beds. Eooences (iron-elay) of Sur.it. 

Travaakur and Kollan limestones and lignites, sands, and clay-. 
Fast Coast cr Gcdalur sandstones. 

High-level latetite. 



Z>aft_-w 7hi* 

*f 

Crels.rcn 

/Vrr.\/ 


Bfjnrt 

Junuttt. 


Cfftr 

Cc.f'Kva/JJ 

Series 

''JurasnePert*. 


i»ef -j 

ttPtrted. I 


Upper Dukhan traps, and Upper Intertrappeans of Bombay. 

Mi.! lie Da khan traps. 

Lower Dakhaa traps *rd Intertrappeans of Nagpur, the Ifarhad 
Valley, of Rajamaherdn. IUrar, and Mekalgandi. 

Lane t a group of Infratrappeans. Rajumahendri Infratrappeans. 

Ari.it ur group (near Tarjor and Pondicherry). 

Trichmopalli group. 

Utalur group (near TricHnopalli). 

High bed* of the Loner Narbada Valley 

El’or beds Tiropatti sandstones. Ragavaparam shales. 

Jabalpur group. Kotamaleri group (on the Prachita). 

Sripencatur and Sattaveda group. Oagole plant-bed*. 

Rajmahal beds occurring at A’garh (Kittak) and Golapilli (CILi) 
Mihtilen series at Ikigra, Denvra, and raehmarhi. 

Aimed beds ct the Southern Pachmathis. D-ibrajpur beds. 


Kamthi group of the Godavari ; Bijori group of the Sdtpuras. 

Ilengir group in Orissa ; Motur group of the Sitpcras. 

BorJkar beds in the Mahanadi, Narbada, and Godavri valleys 
Talchir bed* in the Brahmim Valley. 

Lower Yindhyan beds of the Kama! series, 
f'liiflyn. i ralnid limestone. Bhima limestones and shales. Pengangt sand- 
v stones- Chatti'garh and Sambalpar sandstones. 



Prsrsnhi n. 


f 

1 


Upper transition beds of Kadapah; Tapagni, Cheyer, and Nalltmale 



Gneiss of the Arvalli type, tse-ir Bagh in the Narbada Valley. 
Main Gneiss of Southern India, (pink homblendie). 
Granitoid Gneiss of the South MahraUa country. 

, Granitic Gneiss of Orissa. 
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Districts and .Rivers. 


The Districts of Ceylon in February, 1881 . — 


District. Area, 

sq. miles. 

Northern. 

Jaffna . .... 875 

Mannar . 432 

Mulaittivu , . . 927 

Vavuniyan .. • 937 

Western 

Nuwara Kaltawija 2 547 

Puttabm 1 184 

Kuruncgala • 1 840 

Negombo 248 

Colombo 541 

Kegalla 651 

Ratnapura 1 434 

Kalutara . 581 


Topola- 


I 265 583 
21 348 
7 638 
7 93* 

44 M 6 
78 154 
ai5 >73 
xi6 691 I 
389 78S | 
105874 I 
“9 955 ! 
165 021 


District 

Area, 

sq miles 

Southern. 

Galle .. . . 

• 537 

Matara . . . 

548 

Hambantota 

895 

Eastern. 

Rattikaloa . . 

2 595 

Tnnkomalli 

1 062 

Tamankaduwa •• 

1 500 

Central. 

Kandy 

904 

Matale 

. 9S2 

Badulla 

3 790 

Nunara Ehja . 

353 


| Popula- 
tion 

209 680 
»5> 923 
71 917 


>°5 358 
22 197 
22 000 


288332 
86 655 
165 692 
9S 6S2 


The whole area is given at 24 700 square miles, and the 
population was 2850000, there are 4000 square miles of 
mountainous country, 3 000 to 7 000 feet above mean sea-level. 
The four central districts comprise 6 000 square miles. 


The rivers of Ceylon arc mostly unna\igab!c, the following 
arc the names of the chief rivers — 


Rlrm Catchment, 1 

*q mile*. ( 


n North. 
Kana Karajan Am 

TTetrtng I Test. 

Ari\! Am . 

K ala Oja... 

Mi Oja . 

Dci’uru Osa 

Mata Oja* 

Kclani Gangs •• 

Kalu Garpa 
Rent eta Garpa . . * 


■ too 

■ ooe 


Fee 


l.ncn Ci'chmert, 

i(j Bile* 

ftCU trg Srt ft. 

Gin Ganpa — 

Kilwala t.arga — 

Uala«e Garpa i ooo 

Mapama Ganpa — 

Ka tare gam Garpa — 

-Z.tr' r.Cit 

Kutr.ukkan Am — 

l’anpl Am ;co 

Mtrdi-a Am — 

Man.ru Ora — 

M»l.»e'i Garpa 43*9 

(Ar.d an tr.nairni He r c*;j«.ca-e 

Kncr) 
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The annual rainfall varies between 27 feet at Mannar to 187 
feet at Padupolla ; the day rainfall as a maximum is 9 to 12 
inches, but occasionally 18 inches. 

The mean daily evaporation at Colombo was o'2i2 inch, and 
the mean humidity of the air was 75. 

The depth of water necessary for a rice crop varies in parts of 
the island from 12 inches to 18 inches ; but even this may be 
reduced in some parts, allowing for timely rain. If two crops 
are grown in the year, a depth of 24 to 36 inches is necessary. 

Ancient Tanks and Canals. 

The early Sinhalese kings of Seren Dip, to whom some of 
the larger works are ascribed, lived at the following dates • 

Panduvassa, 504 BC., second king of Ceylon. 

Dvempia Tissa, 307 B c. 

(Name not given) — 104 B.c. 

Maha Sen, A D. 66. 

Tissa, ad 201. 

Maha Sen, a.d 275. 

Dhatu Sena, AD 460, makes the Yodi Ela Canal 

Dappula, A D. 795. 

Wijey Baku I , AD 1071, restores many of the works. 

Prakrama Bahu I , A D 1153, makes the Ellehara Canal. 

These works consisted in numerous tanks, as well as a few 
canals with weir off-takes from rivers ; most kings made 1 5 to 30 
tanks ; Prakrama made 1 407, and repaired 1 395. Even in 1867, 
after centuries of neglect, there remained 4 903 tanks in Ceylon in 
various stages of disrepair ; and these could hardly represent more 
than 10 per cent, of the original number, either large or small. 

The larger works were evidently intended to supply water and 
irrigation near the two capital towns, Anuradha Pura and 
Pollunawara, in the now North Central Province, or in the 
old districts of Nuwara Kaliawiya and Tamankadmva. 

Whole districts in other parts were, however, irrigated for corn 
growing, as Ponpurrippu, “ the golden plains,” a district in the 
North-West Province, and the Seven Kories, or “ granary of the 
Kandian Kings ” The districts of Mannar, in the extreme north, 
as well as those in the extreme south, were well supplied with 
irrigation. 
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Some of the works were very large, and some showed en- 
gineering skill ; but most of the works were village tanks, and it 
is veiy probable G*udging from analogy of the tanks visited in 
Southern India) that some of them could never have been of 
much use at any time. 

It is very difficult to trace the general design and even the 
localities of the larger works with the aid of books and maps ; 
for the reasons that they arc not technically described by 
qualified persons, that the names of the same places are given 
differently by different writers, and that the same names apply 
sometimes to different places 

The Kala Oya Series .— On the upper part of the River Kala 
Oya was the large tank, or enlarged lake, called Kala Wcva, or 
Kalabalulu Wcva, having a catchment of about 120 square miles, 
and 10 square miles in area ; its dam is 5 J miles long, 20 feet top 
breadth, and 50 to 60 feet high. It is still in good order, except 
at the breached waste weir, where the Kala Oya flows out The 
Kala Wcva tank was made in A.D. 460. From it there appears 
to have been two or three old canals 

1st. The Yodi Ela, 53 miles long and 40 feet wide, to the 
capital Anuradhapura, which supplied three large tanks: the 
Tissawcva, the Uass3wakulam, and the Bulankulam. 

2nd. The Jaya Ganga Canal, also leading from it to Anurad- 
hapura, made in A.D. 1153, and probably supplying tanks near 
the former. 

3rd. There is also a I’nndawcva tank on the Kalamunu Oya, 
covering 1 400 acres. This may be either the same river or a 
branch of it ; and the tank itself may be subsidiary to the 
Hassawakulam tank, which was made by 1'anduvassa, the same 
king, about 504 I! C. 

This completes the series , but it must be noticed that the 
three large tanks before mentioned were probably made at 
different times, and the scries \u« not complete until v !>. 1 153. 

The A irt&vt G. Srr.es — On the upj>cr part of the Amban 
Gangi a branch of the Mahawcli Ganga, was the JJlchara du:a 
The dependent works arc: — 

i. A canal from l-llchara dam to Konirtr^iwe, 24 nv.'.es Seng, 
consisting of a scries of lagoons formed by a 1 earthen 
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dam, 40 to 90 feet high ; and continuation of canal for five 
miles in cutting to Minery Lake. 

2. A canal from Miner}' Lake to Kanthalay tank (also called 

Gantalawe, and, perhaps, also Kandcla, and Kandcly), 
28 miles 

3. A dam on the Kara Ganga (another branch of the Mahawcli 

Ganga?) near Matale; and a canal' from it to the Minery 
Lake. 

4. The Kaalindc Canal from the Minery Lake, going north- 

ward. The Miner}' Lake, near the capital Pollunawara, 
and the Kanthalay tank, were made and improved at 
various times. 

There is not any account available of any third complete series 
of ancient irrigation works. The other large tanks appear to be 
detached, and independent They arc : — 

Detached large Tanks. — 1. The Padivil tank, in the northern 
province, perhaps also called the Padawiya Lake, covering 15 
square miles ; dam x 1 miles long, 30 feet wide at the top and 
200 at the bottom, faced with large squared stone; built, 
probably, A.D. 66 . Still in ruins. 

2. The Topaweva tank in Tamankaduwa district; built about 
A.D 307. 

3 The Battikaloa tank, in the district of the same name, in 
the Eastern Province. 

4. The Oorobokke dam, near Galle, in the Gallc district. 

5. The Tissa Maharama tank, near Hambantot, in the 
Southern Province. In the same province a tank, mentioned as 
the Tissa weva, near Kattregam Temple, built 307 B.C., may or 
may not be the same. 

6. The Kalaa tank is mentioned as a very large tank in old 
native records ; perhaps there are no traces of it now. 

Modern Navigable Canals. 

During the occupation of Ceylon by the Hollanders, A.D. 1656, 
to 1797, 120 miles of navigable canal were made ; these, probably, 
were entirely round the backwaters of the coast between Galle 
and Colombo ; details of these works are not forthcoming. They 
were entirely neglected by the British until recent times, when 
they were repaired, and 47 miles more were made. 
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Works op Restoration. 


The credit of the initiation of the undertaking is due to Sir 
Henry Ward, Governor of the Colony, from 1855 to i860. 

Of village tanks in the North Central Province, which is a new 
combination of the two districts Muwara Kaliawiya and Taman- 
kaduwa, 117 were repaired between 1874 and r88r, at an 
expense of ,£23 799 labour, besides valued at ,£38 741 . 

The expenditure on irrigation works completed, restored and 
improved between 1868 and 188 1 (excluding village tanks) was 
thus : — 


Province. 
Northern . . 
North Central . 
Central .. 
North-lVestem.. 

Western 

Eastern ... . 

Southern 


Total 



Expenditure. 

1081 
17 637* 
8 953 


Irngable Area 

2 300 
7 730 


3 757 
81 094 
78 372 


5460 
1 577 
57070 
i5 73i 


| 212 923 


90 068 


Other Works. £ 

Bassawakutam tank f , ) G 071 

Vavuniya V.Unkalamt fot wa,cr ■"I’P 1 )' ( 1 081 

Yodi Ela Canal (m progress) 54 550 ... 25 000 acres. 


Total Expenditure on irrigation works in ‘Ceylon from ) 

1868 to 1881 f ‘£ 332 038 

Less recoveries by water rate and sale of land G7 534 

£ 2G4 504 

Future 1 1 'orks. 

The old works in the Northern Province are being surveyed 
with a view to restoration. 

In the Eastern Province, the anicuts of Pattamputti, and the 
Irakkaman tank and channel arc in progress. 

In the North-west Province, the next proposed restoration is 
the Panddwcva tank on the Kalamuna Oya, surface 1 400 acres, 
eventual irrigation 2 500 acres. 

♦This includes expenditure on 13 } miles of Vodi Ela Channel (of 
which the head works and 40 miles remain). 



dam, 40 to 90 feet high ; and continuation of canal for five 
miles in cutting to Miner)' Lake. 

2. A canal from Miner)' Lake to Kanthalay tank (also called 

Gantalawe, and, perhaps, also Kandela, and Kandely), 
28 mtlcs. 

3. A dam on the Kara Ganga (another branch of the Mahaweli 

Ganga?) near Matalc; and a canal' from it to the Minery 
Lake. 

4. The Kaalindc Canal from the Miner)' Lake, going north- 

ward. The Miner)' Lake, near the capital Pollunawara, 
and the Kanthalay tank, were made and improved at 
various times. 

There is not any account available of any third complete scries 
of ancient irrigation works. The other large tanks appear to be 
detached, and independent They arc : — 

Detached large Tanks. — 1. The Padivil tank, in the northern 
province, perhaps also called the Padawiya Lake, covering 1 $ 
square miles , dam 1 1 miles long, 30 feet wide at the top and 
200 at the bottom, faced with large squared stone; built, 
probably, A.D. 66. Still in ruins. 

2. The Topaweva tank in Tamankaduwa district ; built about 
A.D. 307. 

3 The Battikaloa tank, in the district of the same name, in 
the Eastern Province 

4. The Oorobokke dam, near Galle, in the Galle district. 

5. The Tissa Maharama tank, near Hambantot, in the 
Southern Province. In the same province a tank, mentioned as 
the Tissaweva, near Kattregam Temple, built 307 B.C., may or 
may not be the same. 

6 The Kalaa tank is mentioned as a very large tank in old 
native records ; perhaps there are no traces of it now. 

Modern Navigable Canals. 

During the occupation of Ceylon by the Hollanders, A D. 1656, 
to 1797. 120 miles of navigable canal were made ; these, probably, 
were entirely round the backwaters of the coast between Galle 
and Colombo ; details of these works are not forthcoming. They 
were entirely neglected by the British until recent times, when 
they were repaired, and 47 miles more were made. 
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Works of Restoration, 

The credit of the initiation of the undertaking is due to Sir 
Henry Ward, Governor of the Colony, from 1855 to i860. 

Of village tanks in the North Central Province, which is a new 
combination of the two districts Muwara Kaliawiya and Taman- 
kaduwa, 1 17 were repaired between 1874 and 1881, at an 
expense of ^23799 labour, besides valued at .£38 741 . 

The expenditure on irrigation works completed, restored and 
improved between 186S and 1881 (excluding village tanks) was 
thus 


Province. Expenditure. Irrigable Area 

£ in Acres. 

Northern x 1 031 200 

North Central 3 17 637* 2 300 

Central 8 8 953 7 73° 

North-Western 9 22 030 5 460 

Western 3 757 1 577 

Eastern 22 81094 5707 ° 

Southern 24 78372 15 731 

Total . . 79 I 212 923 90068 

Other Works. £ 


Bassawakulam tank J ] 

Vavuniya Valankulamt for “PP>r I 
Yodi Ela Canal (in progress) 


6071 
1081 
54 550 


25 000 acres. 


Total Expenditure on irrigation works in Ceylon from 
18 O 8 to i 88 t ..... 

Less recoveries by water rate and sale of land 


£ 332 038 
67 534 


£264 501 

Future l Forks. 

The old works in the Northern Province are being surveyed 
with a view to restoration 

In the Eastern Province, the anicuts of Pattamputti, and the 
Irakkaman tank and channel are in progress. 

In the North-west Proinnee, the next proposed restoration is 
the Panddweva tank on the Kalamuna Oya, surface 1 400 acres 
eventual irrigation 2 500 acres. 

•This includes expenditure on 13 } miles of Yodi Ela Channel (of 
which the head works and 40 miles remain). 
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In the Southern Province, the next restoration is the Tissa- 
Hhilmriiinn tank, near Ilambantot, in progress. 

Tim designs of most of the restoration works were made in 
(Vylnn, at the office of Major Woodward. 

It appears that .some failures were made in the works of 
(vstmatlon, more especially at the Oorobokke dam, near Galle, in 
th« Honthern Province, and at the Bnttikaloa tank in the Eastern 
Province, There Is no doubt that for works of this class expe- 
l leper d hydraulic engineers are absolutely necessary, and even 
with them works may fail from causes beyond their control. 

A=» the author's personal experience in Ceylon was short and 
r« in fined to sketching nnd snipe-shooting, the information above 
given Is line to others ; chiefly to the paper read by Mr. J. R. 
Mns&o, at St. James’s Hall on 13th May, 1884, and to two books 
on Ceylon by Mr. John Ferguson, Newspaper Editor, written in 
1H7M ami iHH.j, 


WIIUAU BIDKK A 


I, NltHTtM, 






